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M, N are Integers Equal to or Larger than 16

FIG. 1

CIF Image Including 396 Macroblocks of Size 16 x 16

FIG. 2
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CIF Image Including 54 Macroblocks of Size 64 x 32

FIG. 3
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METHOD AND APPARATUS FOR
ENCODING/DECODING VIDEO USING SPLIT
LAYER

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the priority of Korean Patent
Application No. 10-2009-0093982, filed on Oct. 1, 2009,
Korean Patent Application No. 10-2009-0093987, filed on
Oct. 1, 2009, and Korean Patent Application No. 10-2010-
0096032, filed on Oct. 1, 2010 in the KIPO (Korean Intellec-
tual Property Office). Further, this application is the National
Phase application of International Application No. PCT/
KR2010/006735 filed Oct. 1, 2010, which designates the
United States and was published in Korean.

TECHNICAL FIELD

The present disclosure relates to a method and an apparatus
for encoding/decoding an image using a split or partition
layer. More particularly, the present disclosure relates to a
method and an apparatus, which perform an encoding and a
decoding by unit of subblocks after splitting a block into
subblocks when a high resolution image is encoded using
variable sized blocks and improve the compression efficiency
by efficiently encoding/decoding block partition information.

BACKGROUND ART

The statements in this section merely provide background
information related to the present disclosure and may not
constitute prior art.

Technologies for compressing video data include H.261,
H.263, H.264, MPEG-2, MPEG-4, and so on. According to
such video compression standards, each image is divided and
encoded into fixedly sized macroblocks formed of rectangu-
lar areas having pixels sized 16x16 of luma component and
pixels sized 8x8 of chroma component. All luma components
and all chroma components of each macroblock are spatially
or temporally predicted, and then a predicted residual under-
goes a transform, a quantization, and an entropy coding and
finally a transmission.

The most recently enacted H.264/AVC standard prescribes
an encoding apparatus to use a 16x16 pixel block for the fixed
macroblock size and subdivide each macroblock into smaller
blocks for which an intra prediction or an inter prediction is
carried out. In carrying out the intra prediction encoding, each
macroblock may be divided into 16x16, 8x8, or 4x4 sizes,
and the block of size 16x16 is intra predicted in one of four
prediction modes, 8x8 and 4x4 blocks are intra predicted in
one of nine prediction modes. In the case of inter prediction,
the macroblock may be subdivided into blocks of sizes
16x16, 16x8, 8x16, 8x8, 8x4, 4x8, or 4x4, and then used for
the inter prediction through a motion compensation. The
transform is performed by unit of 8x8 or 4x4 sized blocks,
and the quantization used for the transform coefficients is
scalar quantization.

However, since typical video compression technology uses
a fixedly sized macroblock in encoding an image (even
though H.264/AVC subdivides and encodes macroblock into
smaller block units, the macroblock is of a fixed size), encod-
ing the high resolution image hardly achieves a sufficient
encoding efficiency.

Further, since the macroblock size is fixed, sizes of sub-
blocks within the macroblock, which are the prediction or
transform units, also are limited.

w

10

15

20

25

30

35

40

45

50

55

60

65

2
DISCLOSURE

Technical Problem

Therefore, aspects of the present disclosure to solve the
above-mentioned problem mainly intend to encode an image
by using variable sized blocks and various sizes of subblocks
when a high resolution image is encoded and improve the
compression efficiency by efficiently encoding and decoding
block partition information.

Technical Solution

An aspect of the present disclosure provides a video encod-
ing/decoding apparatus, including a video encoder for encod-
ing an image through generating an encoded image data by
encoding a current block partitioned into a plurality of sub-
blocks and generating an encoded partition information data
by encoding a partition information of the current block; and
a video decoder for decoding the image through reconstruct-
ing the partition information of the current block by decoding
the encoded partition information data extracted from a bit-
stream and reconstructing the current block partitioned into
the plurality of subblocks by decoding the encoded image
data extracted from the bitstream, according to a recon-
structed partition information of the current block.

Another aspect of the present disclosure provides a video
encoding apparatus, including a video encoder for encoding
an image through generating an encoded image data by
encoding a current block partitioned into a plurality of sub-
blocks; and a partition information encoder for encoding a
partition information through generating an encoded parti-
tion information data by encoding the partition information of
the current block.

Another aspect of the present disclosure provides A video
encoding apparatus, including a maximum partition layer
determiner for determining a maximum partition layer value
of a current block; a maximum partition layer encoder for
encoding a maximum partition layer through generating an
encoded maximum partition layer data by encoding the maxi-
mum partition layer value of the current block; and a video
encoder for encoding an image through generating an
encoded image data by encoding the current block by using a
minimum subblock size determined according to a deter-
mined maximum partition layer value.

Another aspect of the present disclosure provides A video
encoding apparatus, including a maximum partition layer
determiner for determining a maximum partition layer value
of a current block; a maximum partition layer encoder for
encoding a maximum partition layer through generating an
encoded maximum partition layer data by encoding the maxi-
mum partition layer value of the current block; and a video
encoder for encoding an image through generating an
encoded image data by encoding the current block by using a
minimum subblock size determined according to a deter-
mined maximum partition layer value.

Another aspect of the present disclosure provides a video
encoding apparatus, including a macroblock size candidate
setting unit for setting macroblock size candidates; a video
encoder for encoding an input image by each of the macrob-
lock size candidates; a macroblock size determiner for deter-
mining a macroblock size based on an encoding cost for each
of'the macroblock size candidates, and generating a bitstream
including an image data encoded in a determined macroblock
size and information on the determined macroblock size.

Another aspect of the present disclosure provides a video
decoding apparatus, including a partition information
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decoder for decoding a partition information through recon-
structing a partition information of a current block by decod-
ing the encoded partition information data extracted from a
bitstream; and a video decoder for decoding an image through
reconstructing the current block partitioned into a plurality of
subblocks by decoding an encoded image data extracted from
the bitstream, according to a reconstructed partition informa-
tion of the current block.

Another aspect of the present disclosure provides a video
decoding apparatus, including a maximum partition layer
decoder for decoding a maximum partition layer through
reconstructing a maximum partition layer value by decoding
an encoded maximum partition layer data extracted from a
bitstream; and a video decoder for decoding an image through
reconstructing a current block by decoding an encoded image
data extracted from the bitstream, by using a minimum sub-
block size depending on a reconstructed maximum partition
layer value.

Another aspect of the present disclosure provides a video
decoding apparatus, including a macroblock size setting unit
for setting a macroblock size through extracting a macrob-
lock size information from a bitstream and setting the mac-
roblock size by using an extracted macroblock size informa-
tion; and a video decoder for decoding an image through
extracting an encoded image data from the bitstream and
generating a reconstructed image by decoding the encoded
image data depending the macroblock size identified by the
macroblock size information.

Another aspect of the present disclosure provides video
encoding/decoding method, including encoding an image
through generating an encoded image data by encoding a
current block partitioned into a plurality of subblocks and
generating an encoded partition information data by encoding
a partition information of the current block; and decoding the
image through reconstructing the partition information of the
current block by decoding the encoded partition information
data extracted from a bitstream and reconstructing the current
block partitioned into the plurality of subblocks by decoding
the encoded image data extracted from the bitstream, accord-
ing to a reconstructed partition information of the current
block.

Another aspect of the present disclosure provides a video
encoding method, including generating an encoded image
data by encoding a current block to undergo a partitioning
into a plurality of subblocks; generating an encoded partition
information data by encoding a partition information of the
current block; and generating a bitstream including the
encoded image data and the encoded partition information
data.

The plurality of subblocks may be square.

The partitioning may be carried out by selected one of a
plurality of partition types.

The current block may be a macroblock exceeding 16x16
block size.

The partition information may indicate block sizes of the
plurality of subblocks included in the current block.

The partition information may be identified by a partition
type indicating information by each of partition layers, and
the step of generating the encoded partition information data
may encode the partition information through sequentially
encoding the partition type indicating information by each of
the partition layers based on a partition type indicating infor-
mation encoding order.

The partition information may be identified by a layer
number of a partition layer and a partition type indicating
information, and the step of generating the encoded partition
information data may encode the partition information
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through encoding the layer number of the partition layer and
the partition type indicating information by using a tree struc-
ture.

The partitioning may utilize squares only, and the partition
information may include partition layer values only.

The partitioning may have a rectangular block partitioned
into smaller rectangular blocks.

The partition information may be identified by a partition
layer value and a partition flag, and the step of generating the
encoded partition information data may encode the partition
information through encoding the partition layer value and
the partition flag.

The step of generating the encoded partition information
data may encode the partition information through encoding
the partition layer value and the partition flag only when the
current block is an intra block type.

The plurality of subblocks may be square blocks.

Another aspect of the present disclosure provides a video
encoding apparatus, including setting minimum subblock
size candidates; encoding an input image by each of the
minimum subblock size candidates; determining a minimum
subblock size based on an encoding cost for each of the
macroblock size candidates, and generating a bitstream
including an image data encoded in a determined minimum
subblock size and an information on the determined mini-
mum subblock size.

The information on the determined minimum subblock
size may be either an information on a minimum subblock
size value or an information on a maximum partition layer
value.

The step of determining the minimum subblock size may
include determining a maximum partition layer value of a
current block; generating an encoded maximum partition
layer data by encoding the maximum partition layer value of
the current block; decoding an encoded image data through
encoding the current block by using a minimum subblock size
determined depending on a determined maximum partition
layer value; and generating a bitstream including the encoded
maximum partition layer data and the encoded image data.

The step of generating the encoded image data may encode
the current block by using a minimum subblock size deter-
mined depending on the maximum partition layer value and
subblocks determined depending on the availability of
respective layers, and the step of generating the bitstream may
further include an information for indicating use or nonuse of
the respective layers after partitioning in the bitstream.

The information for indicating use or nonuse of each par-
titioned layer may be indexes of a table generated by com-
bining events of use or nonuse of the respective layers.

Another aspect of the present disclosure provides a video
encoding apparatus, including determining available parti-
tion layers of a current block; selecting a partition layer for
minimizing an encoding cost of the current block from deter-
mined available partition layers; generating an encoded
image data through encoding the current block, by using a
selected partition layer; and generating a bitstream including
an encoded partition layer data generated by encoding an
information on the selected partition layer, an encoded parti-
tion information data generated by encoding a partition infor-
mation of partitioning the current block, and the encoded
image data

Another aspect of the present disclosure provides a video
encoding apparatus, including setting macroblock size can-
didates; encoding an input image by each of the macroblock
size candidates; determining a macroblock size based on an
encoding cost for each ofthe macroblock size candidates; and
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generating a bitstream including an image data encoded in a
determined macroblock size and an information on the deter-
mined macroblock size.

The information on the determined macroblock size may
be an information on the value of the macroblock size, or an
information on a maximum subblock size value and a maxi-
mum partition layer value, or an up/downscaling information
on a macroblock of a predetermined size.

The information on value of the macroblock size may be a
flag for indicating whether to transmit a macroblock informa-
tion.

The information on the determined macroblock size may
be a flag for indicating whether to use a macroblock of a
reference size.

The information on the determined macroblock size may
be a flag about whether to use the macroblock size of a
previous picture.

The information on the determined macroblock size may
define different macroblock sizes between an intra picture
and an inter picture.

The video encoding method may further include setting a
reference minimum subblock size and encoding a flag for
indicating whether to use the reference minimum subblock
size in each every header of a picture, a slice, or a minimum
subblock header.

A block having a size enlarged or reduced by a predeter-
mined ratio from the reference minimum subblock size may
be selected as a current minimum subblock when the flag
indicates that the minimum reference subblock size is not
used.

An intra picture and an inter picture may be encoded with
different minimum subblock sizes applied.

The information on the value of the macroblock size or the
information on the maximum subblock size value may be
acquired by using a table defining block sizes.

Another aspect of the present disclosure provides a video
decoding method, including reconstructing a partition infor-
mation of a current block by decoding the encoded partition
information data extracted from a bitstream; and reconstruct-
ing the current block to undergo a partitioning into a plurality
of subblocks by decoding an encoded image data extracted
from the bitstream, according to a reconstructed partition
information of the current block.

The partition information may be identified by a partition
type indicating information by each of partition layers.

The partition information may be identified by a layer
number of a partition layer and a partition type indicating
information.

The partition information may be identified by a partition
layer value and a partition flag.

The partitioning may utilize squares only, and the partition
information may include partition layer values only.

The partitioning may have a rectangular block partitioned
into smaller rectangular blocks.

Another aspect of the present disclosure provides a video
decoding method, including reconstructing a minimum sub-
block size by decoding an encoded minimum subblock size
data extracted from a bitstream; and reconstructing a current
block by decoding an encoded image data extracted from the
bitstream, by using a reconstructed minimum subblock size.

The encoded minimum subblock size data extracted from
the bitstream may be either an information on a minimum
subblock size value or an information on a maximum parti-
tion layer value.

The step of generating the current block may encode the
current block by using a minimum subblock size determined
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depending on the maximum partition layer value and sub-
blocks determined depending on the availability of respective
layers.

The video decoding method may further include an infor-
mation for indicating use or nonuse of the respective layers, in
the form of indexes of a table generated by combining events
of'use or nonuse of the respective layers.

Another aspect of the present disclosure provides a video
decoding method, including reconstructing an information on
a partition layer and a partition information by decoding an
encoded partition layer data and encoded partition informa-
tion data extracted from a bitstream; and reconstructing a
current block by decoding an encoded image data extracted
from the bitstream, by using a reconstructed information on
the partition layer and the reconstructed partition informa-
tion.

Another aspect of the present disclosure provides a video
decoding method, including setting a macroblock size
through extracting a macroblock size information from a
bitstream and setting the macroblock size by using an
extracted macroblock size information; and decoding an
image through extracting an encoded image data from the
bitstream and generating a reconstructed image by decoding
the encoded image data depending the macroblock size iden-
tified by the macroblock size information.

The macroblock size information may be an information
on the value of the macroblock size, or an information on a
maximum subblock size value and a maximum partition layer
value, or an up/downscaling information on a macroblock of
a predetermined size.

The information on the value of the macroblock size may
be an information on a reference macroblock size.

The macroblock size information may be a flag about
whether to use the macroblock size of a previous picture.

The macroblock size information may define different
macroblock sizes between an intra picture and an inter pic-
ture.

The video decoding method may further include recon-
structing a minimum subblock size by setting a reference
minimum subblock size and decoding a flag for indicating
whether to use the reference minimum subblock size in each
every header of a picture, a slice, or a minimum subblock.

The minimum subblock size may be reconstructed by
decoding an information for indicating an enlargement or a
reduction by a predetermined ratio from the reference mini-
mum subblock size, when the flag indicates that the minimum
reference subblock size is not used.

An intra picture and an inter picture may have different
minimum subblock sizes assigned.

The information on the value of the macroblock size or the
information on the maximum subblock size value may be
acquired by using a table defining block sizes.

Advantageous Effects

According to the present disclosure as described above, an
efficient video encoding and decoding can be achieved by
encoding an image through the use of variable sized macrob-
locks and various sizes of subblocks when a high resolution
image is encoded, and encoding and decoding block partition
information.

DESCRIPTION OF DRAWINGS

FIGS. 1 to 3 are exemplary diagrams for illustrating mac-
roblocks by unit of MxN pixels according to an aspect of the
present disclosure,
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FIGS. 4 and 5 are exemplary diagrams for illustrating
various subblock modes according to an aspect of the present
disclosure,

FIG. 6 is a schematic block diagram for illustrating a video
encoding apparatus according to an aspect of the present
disclosure,

FIG. 7 is a schematic block diagram for illustrating a video
decoding apparatus according to an aspect of the present
disclosure,

FIG. 8 is a block diagram for illustrating a first implemen-
tation of a video encoding apparatus according to another
aspect of the present disclosure,

FIG. 9 is an exemplary diagram for illustrating subblocks
split from a macroblock for each layer according to another
aspect of the present disclosure,

FIG. 10 is an exemplary diagram for illustrating partition
types according to another aspect of the present disclosure,

FIG. 11 is an exemplary diagram for illustrating a macrob-
lock split into subblocks of various block sizes according to
another aspect of the present disclosure,

FIG. 12 is an exemplary diagram for sequentially illustrat-
ing processes in which a macroblock is split for each partition
layer,

FIG. 13 is an exemplary diagram for illustrating processes
in which partition type indicating information of the macrob-
lock for each layer is sequentially encoded according to a
subblock order,

FIGS. 14A and 14B are exemplary diagram for illustrating
a method of encoding block partition information by using a
tree structure according to another aspect of the present dis-
closure,

FIGS. 15 and 16 are exemplary diagrams for illustrating an
example of a method of encoding block partition information
by using a tree structure according to another aspect of the
present disclosure,

FIGS. 17 and 18 are exemplary diagrams for illustrating
another example of a method of encoding block partition
information by using a tree structure according to another
aspect of the present disclosure,

FIG. 19 illustrates subblocks split based on a partition layer
value according to another aspect of the present disclosure,

FIG. 20 is an exemplary diagram for illustrating a process
of encoding block partition information by using a partition
layer value and a partition flag according to another aspect of
the present disclosure,

FIG. 21 is an exemplary diagram for illustrating a macrob-
lock split into subblocks of various block sizes according to
another aspect of the present disclosure,

FIG. 22 is an exemplary diagram for illustrating a process
of sequentially encoding partition type indicating informa-
tion for each layer of the macroblock according to a subblock
order,

FIG. 23 is a flowchart for illustrating a video encoding
method according to another aspect of the present disclosure,

FIG. 24 is a schematic block diagram for illustrating a
video decoding apparatus according to another aspect of the
present disclosure,

FIG. 25 is a flowchart for illustrating a video encoding
method according to another aspect of the present disclosure,

FIG. 26 is a schematic block diagram for illustrating a
video encoding apparatus according to yet another aspect of
the present disclosure,

FIG. 27 is an exemplary diagram for illustrating the rela-
tion between a partition layer and a minimum subblock size
according to yet another aspect of the present disclosure,
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FIG. 28 is a flowchart for illustrating an example of a
method of determining a maximum partition layer value
according to yet another aspect of the present disclosure,

FIG. 29 is a flowchart for illustrating another example of a
method of determining a maximum partition layer value
according to yet another aspect of the present disclosure,

FIG. 30 is an exemplary diagram for illustrating a process
of'encoding partition information of a current block by using
only selected partition layers according to yet another aspect
of the present disclosure,

FIG. 31 is a flowchart for illustrating a video encoding
method according to yet another aspect of the present disclo-
sure,

FIG. 32 is a schematic block diagram for illustrating a
video decoding apparatus according to yet another aspect of
the present disclosure,

FIG. 33 is a flowchart for illustrating a video decoding
method according to yet another aspect of the present disclo-
sure,

FIG. 34 is an exemplary diagram for illustrating partition
types according to another aspect of the present disclosure,

FIG. 35 is a schematic block diagram for illustrating a
video encoding apparatus according to yet another aspect of
the present disclosure,

FIG. 36 is a flowchart for illustrating an implementation of
a video encoding method according to another aspect of the
present disclosure, and

FIG. 37 is a block diagram for illustrating an implementa-
tion of a video decoding apparatus according to another
aspect of the present disclosure.

MODE FOR INVENTION

Hereinafter, aspects of the present disclosure will be
described in detail with reference to the accompanying draw-
ings. In the following description, the same elements will be
designated by the same reference numerals although they are
shown in different drawings. Further, in the following
description of the present disclosure, a detailed description of
known functions and configurations incorporated herein will
be omitted when it may make the subject matter of the present
disclosure rather unclear.

Additionally, in describing the components of the present
disclosure, there may be terms used like first, second, A, B,
(a), and (b). These are solely for the purpose of differentiating
one component from the other but not to imply or suggest the
substances, order or sequence of the components. If a com-
ponent were described as ‘connected’, ‘coupled’, or ‘linked’
to another component, they may mean the components are not
only directly ‘connected’, ‘coupled’, or ‘linked’ but also are
indirectly ‘connected’, ‘coupled’, or ‘linked’ via a third com-
ponent.

A video encoding apparatus and a video decoding appara-
tus, which will be discussed in the following description, may
be a Personal Computer (PC), a notebook computer, a Per-
sonal Digital Assistant (PDA), a Portable Multimedia Player
(PMP), a PlayStation Portable (PSP), and a mobile commu-
nication terminal, and refer to various apparatuses including
acommunication apparatus such as a communication modem
for performing communication with various devices or a
wired/wireless communication network, a memory for stor-
ing various programs and data for encoding or decoding a
video, and a microprocessor for executing a program to per-
form an operation and a control.

Further, a video encoded into a bitstream by a video encod-
ing apparatus is transmitted to a video decoding apparatus
through a wired/wireless communication network such as an
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internet, a near field communication network, a wireless LAN
(Local Area Network), a WiBro (Wireless Broadband) net-
work, and a mobile communication network or through a
communication interface such as a cable or a Universal Serial
Bus (USB) in real-time or non-real time and decoded in the
video decoding apparatus, and thus the decoded video may be
reconstructed and reproduced as a video.

In general, a video includes a series of pictures and each
picture is divided into predetermined areas such as macrob-
locks, which are the reference unit for encoding and decoding
an image. The macroblocks are classified into an intra mac-
roblock and an inter macroblock according to a macroblock
decoding method. The intra macroblock refers to a macrob-
lock encoded using an intra prediction coding. The intra pre-
diction coding corresponds to a scheme of generating a pre-
dicted block by predicting a current block pixel by using
pixels of reconstructed blocks previously encoded and
decoded within a current picture, in which a current encoding
is performed, and encoding a differential value between the
generated predicted block and the current block pixel. The
inter macroblock refers to a macroblock encoded using an
inter prediction coding. The inter prediction coding corre-
sponds to a scheme of generating a predicted block by pre-
dicting a current block within a current picture with reference
to one or more past pictures or future pictures and encoding a
differential value between the generated predicted block and
the current block. Here, a picture referred to in encoding or
decoding the current picture is called a reference picture.

A) Encoding and Decoding Using Macroblock or Block
Having Arbitrary Size

Hereinafter, an apparatus for encoding and decoding an
image by unit of blocks is described by way of an example.
Here, the block may be a macroblock of size MxN (M and N
may be integers equal to or larger than 16) or a subblock or
lower block of size OxP (O and P may be integers equal to or
smaller than M or N). Encoding and decoding the image by
unit of blocks are only examples, and the image can be
encoded and decoded by unit of defined areas like blocks or
undefined areas. However, a video encoding/decoding appa-
ratus, which will be described later, can use blocks having an
arbitrary size, and the block size is a prearranged size between
the video encoding apparatus and the video decoding appa-
ratus.

A-1) Macroblock of Arbitrary Size

FIGS. 1 to 3 are exemplary diagrams for illustrating mac-
roblocks by unit of MxN pixels according to an aspect of the
present disclosure.

FIG. 1 shows macroblocks by unit of MxN pixels (herein-
after, referred to as macroblocks of size MxN) expressed in a
part of an input image having a certain size as an example,
FIG. 2 shows a CIF image including 396 macroblocks of size
16x16 as an example, and FIG. 3 shows a CIF image includ-
ing 54 macroblocks of size 64x32 as an example.

In the conventional video compression technology, an
image is split into macroblocks of fixed size 16x16 and then
encoded and decoded as shown in FIG. 2. However, in an
aspect of the present disclosure, the image may be encoded
and decoded using macroblocks of size 64x32 (not only the
size 64x32 but also size MxN (greater than a size 16x16) such
as size 64x64 and size 32x64 are available) as shown in FIG.
3.

A-2) Example of Subblock Mode

FIGS. 4 and 5 are exemplary diagrams for illustrating
various subblock modes according to an aspect of the present
disclosure.
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FIG. 4 shows subblock modes available for a macroblock
of'size 32x32, and FI1G. 5 shows subblock modes available for
a macroblock of size 32x16.

According to an aspect of the present disclosure, the mac-
roblock of size MxN may be split into smaller blocks, that is,
subblocks as shown in FIGS. 4 and 5. Macroblocks of the
image may be intra predictive-encoded or inter predictive-
encoded by unit of subblocks.

A-3) Description of Video Encoding Apparatus

FIG. 6 is a schematic block diagram for illustrating a video
encoding apparatus according to an aspect of the present
disclosure.

The video encoding apparatus according to the aspect of
the present disclosure corresponds to an apparatus for encod-
ing an image by using macroblocks having a size equal to or
larger than an arbitrary size, and may include a predictor 610,
an encoder 620, a reconstructor 630, a filter 640, and a frame
memory 650. Here, the reconstructor 630, the filter 640, and
the frame memory 650 may be omitted or included in another
element selectively according to an implementation manner.

The predictor 610 may include a motion estimator 612, a
motion compensator 614, and an intra predictor 616, and
predicts macroblocks of an input image. Here, the macrob-
locks refer to macroblocks of size equal to or larger than a size
16x16 (that is, macroblocks of size MxN, where M and N are
integers equal to or larger than 16).

The motion estimator 612 generates a motion vector by
comparing a macroblock, which is desired to be predicted,
with a reference picture stored in the frame memory 650 and
estimating a motion of the corresponding macroblock.

The motion compensator 614 fetches a block correspond-
ing to a size of the macroblock, which is desired to be pre-
dicted, from the reference picture stored in the frame memory
650 with reference to the motion vector generated by the
motion estimator 612. The block having been fetched by the
motion compensator 614 becomes a predicted macroblock
having a predicted value of the macroblock, which is desired
to be predicted.

The intra predictor 616 intra-predicts the block, which is
desired to be predicted. For the intra prediction, the intra
predictor 616 generates a reference block by using recon-
structed neighboring pixel information already encoded and
decoded, and compares the reference block with the target
macroblock, which is to be encoded, to determine an intra
prediction mode. And then, the intra predictor 606 intra-
predicts the macroblock according to the determined intra
prediction mode. The macroblock having been predicted by
the intra predictor 616 becomes a predicted macroblock hav-
ing a predicted value of the target macroblock.

The encoder 620 encodes a residual signal, which is a
difference between pixel values of the target macroblock and
the predicted macroblock. Specifically, the encoder 620
encodes the residual signal through a transform, a quantiza-
tion, and an entropy coding. Further, when the encoder 620
inter-predicts the target macroblock to be encoded, the
encoder 620 can encode motion information such as the
motion vector generated by the motion estimator 612 and
macroblock mode information such as a macroblock size.
When the encoder 620 intra-predicts the target macroblock to
be encoded, the encoder 620 can encode prediction mode
information such as an intra prediction mode and macroblock
mode information such as the macroblock size.

The reconstructor 630 inversely quantizes and inversely
transforms a transformed and quantized residual signal and
adds the residual signal and the predicted macroblock output
from the predictor 610 to reconstruct the target macroblock.
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The filter 640 filters the reconstructed target macroblock
by using a filter such as a deblocking filter. The filtered
reconstructed macroblock is stored in the frame memory 650
and used for inter predicting a next macroblock or a macrob-
lock of a next picture in the predictor 610.

A-4) Description of Video Decoding Apparatus

FIG. 7 is a schematic block diagram for illustrating a video
decoding apparatus according to an aspect of the present
disclosure.

The video decoding apparatus according to the aspect of
the present disclosure may include a decoder 710, a predictor
720, a reconstructor 730, a filter 740, and a frame memory.

The decoder 710 extracts three types of information
required for a macroblock decoding from an input bitstream.

First, the decoder 710 entropy decodes and extracts mac-
roblock type information on whether a macroblock, which is
desired to be currently decoded, is an intra macroblock or an
inter macroblock and subblock mode information indicating
subblock modes of the macroblock.

Second, the decoder 710 extracts information required for
the prediction through an entropy decoding. In this event, a
method of decoding a type of prediction data to be decoded
and the prediction data is different depending on whether
each block is an intra block or an inter block. When the block
to be reconstructed is the inter block, reference picture infor-
mation required for a motion compensation of each subblock
and information on a motion such as a motion vector are
extracted from the bitstream and decoded. When the block to
be reconstructed is the inter block, information on intra pre-
diction modes of a luma component and a chroma component
is extracted from the bitstream and decoded.

Lastly, the decoder 710 decodes information required for a
residual signal decoding. Information indicating whether
there is a transform coefficient which is not 0, in each sub-
block (e.g. CBP) is first decoded, and transform information
indicating a transform type and a quantized transform coef-
ficient are decoded for blocks having the transform coeffi-
cient which is not 0.

The predictor 720 predicts a current block to be currently
decoded, and may include a motion compensator 722 and an
intra predictor 724. When the current block is the inter block,
the motion compensator 722 generates a predicted macrob-
lock by fetching pixels corresponding to a size of the current
macroblock from the reference picture stored in the frame
memory 750 by using a reconstructed motion vector decoded
by the decoder 710. When the current block is the intra block,
the intra predictor 724 generates a predicted macroblock by
predicting the current macroblock according to a recon-
structed intra prediction mode decoded by the decoder 710.
After generating a residual signal by inversely quantizing a
quantized transform coefficient decoded by the decoder 710
and inversely transforming the inversely quantized transform
coefficient by using a reconstructed transform type extracted
from the decoder 710, the reconstructor 730 generates a
reconstructed macroblock by adding the generated residual
signal and the predicted macroblock generated by the predic-
tor 720. The generated reconstructed macroblock is filtered in
the filter 740 and stored in the frame memory 750, and the
filtered and stored macroblock is used for reconstructing a
next block or a next picture.

As described above, the video encoding apparatus 600 and
the video decoding apparatus 700 according to an aspect of
the present disclosure can encode and decode the image by
using blocks having an arbitrary size.
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B) Block Partition, and Partition Information Encoding
and Decoding

Hereinafter, as another aspect of the present disclosure, an
apparatus and a method for splitting a macroblock having an
arbitrary size into a plurality of subblocks through a partition
(or split) layer for the prediction or the transform and effi-
ciently encoding and decoding partition information indicat-
ing shapes and sizes of the split subblocks will be described.
However, while the video encoding/decoding apparatus,
which will be discussed in the following description, may use
macroblocks having an arbitrary size, alternatively, the video
encoding apparatus and the video decoding apparatus may
perform an encoding/decoding by using a prearranged mac-
roblock size and a prearranged minimum subblock size
between the video encoding apparatus and the video decod-
ing apparatus.

The partition information may be information indicating
sizes and shapes of subblocks split for the prediction or the
transform. The video encoding apparatus includes the parti-
tion information and encoded image data in a bitstream and
transmits the bitstream to the video decoding apparatus.

Further, the video encoding apparatus can encode partition
information for the prediction and partition information for
the transform, respectively.

In a decoding, the video decoding apparatus extracts and
decodes the partition information from the bitstream, and
splits the macroblock into a plurality of subblocks for the
prediction or the transform. Then, the video decoding appa-
ratus performs the prediction or the transform in the unit of
subblocks to reconstruct an image.

B-1) Video Encoding Apparatus

B-1-1) Encoding Apparatus

FIG. 8 is a schematic block diagram for illustrating a video
encoding apparatus according to another aspect of the present
disclosure.

The video encoding apparatus 800 according to another
aspect of the present disclosure may include a video encoder
810 and a partition information encoder 820.

The video encoding apparatus 800 of FIG. 8 encodes par-
tition information in the partition information encoder 820
and then encodes predicted data and/or image data including
data required for a residual signal decoding such as a trans-
form type, CBP, and a transform coefficient. Here, the pre-
dicted data corresponds to data indicating whether each sub-
block is an intra block or an inter block, and corresponds to an
intra prediction mode for the intra block and motion informa-
tion for the inter block. The video encoder 810 may be imple-
mented as the video encoding apparatus 600 according to an
aspect of the present disclosure described with reference to
FIG. 6. That is, the video encoder 810 splits a macroblock
having an arbitrary size into various sizes of subblocks for the
prediction or the transform, performs a predictive encoding
on respective subblocks, and then determines prediction
modes of'the respective subblocks and a macroblock partition
type having a smallest encoding cost. Partition information
indicating the determined macroblock partition type is
encoded into the bitstream through the encoder 820, and a
predictive-encoded image data of the plurality of split sub-
blocks within the macroblock is generated.

The partition information encoder 820 encodes the parti-
tion information input by the video encoder 810 to generate
partition information data. Here, the partition information
may be information on sizes and block shapes of a plurality of
subblocks split from the macroblock for the prediction or the
transform.

According to the typical video compression technology,
since a macroblock size is fixed to a size 16x16, subblocks
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having a small size such as subblocks of sizes 8x8, 4x4, etc.
can be used. However, according to an aspect of the present
disclosure, since a macroblock size can be variously deter-
mined to have size equal to or larger than a size 16x16, sizes
and shapes of subblocks can be also variously determined and
thus the macroblock can be split into various shapes of sub-
blocks. Therefore, according to another aspect of the present
disclosure, a predictive encoding should be performed by
transmitting information on sizes and shapes of subblocks
split from a macroblock to a video decoding apparatus and
splitting the macroblock in the same way as that performed in
a video encoding apparatus in the video decoding apparatus.
Itis described with reference to FIGS. 9 to 22 that the partition
information encoder 820 encodes block information.

B-1-2) Subblock Mode

According to another aspect of the present disclosure, a
macroblock is split into various sizes of subblocks for each
layer, and a predictive encoding and a predictive decoding can
be performed for each of the split subblocks.

FIG. 9 is an exemplary diagram for illustrating subblocks
split from a macroblock for each layer according to another
aspect of the present disclosure.

In FIG. 9, a macroblock size is NxN and N is an integer
equal to or larger than 16. FIG. 9 shows subblocks which can
be split based on an assumption that a minimum subblock size
of'subblock sizes is 4x4. However, this assumption is only for
describing embodiments ofthe present disclosure. A horizon-
tal size and a vertical size of the macroblock may not be equal
to each other and the minimum subblock size may be set to
another size instead of the size 4x4.

As shown in FIG. 9, according to another aspect of the
present disclosure, the macroblock can be split into various
sizes of subblocks for each layer. The macroblock may be
split into four types of subblocks for each of layers from a
layer 0 to a layer log,(N/4). In this event, subblocks of a K+1
layer can be used only when a subblock of alayer K (0=K<log
2(N/4)) is split into 4 subblocks.

For example, in a case of a macroblock of size 64x64, the
macroblock may be split into 4 layers from a layer O to a layer
3, and respective layers may include subblocks having 4
different block sizes. Accordingly, the layer O includes a
subblock having a block size of 64x64, subblocks having a
block size of 64x32, subblocks having a block size of 32x64,
and subblocks having a block size of 32x32. A layer 1
includes a subblock having a block size of 32x32, subblocks
having a block size 0f32x16, subblocks having ablock size of
16x32, and subblocks having a block size of 16x16. A layer 2
includes a subblock having a block size of 16x16, subblocks
having a block size of 16x8, subblocks having a block size of
8x16, and subblocks having a block size of 8x8. The layer 3
includes a subblock having a block size of 8x8, subblocks
having a block size of 8x4, subblocks having a block size of
4x8, and subblocks having a block size of 4x4. Here, sub-
blocks included in the layer 1 can be used only when the
macroblock having a block size of 64x64 is split into sub-
blocks having a block size of 32x32 in the layer 0, and
subblocks included in the layer 2 can be used only when the
subblock having the block size 32x32 in the layer 1 is split
into subblocks having a block size of 16x16. Further, sub-
blocks included in the layer 3 can be used only when the
subblock having the block size of 16x16 of the layer 2 is split
into subblocks having a block size of 8x8.

Here, when a NxN block in a layer K is split into 4 sub-
blocks having a size of
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the split subblock
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may be included in both the layer K and the layer K+1. That
is, in the macroblock of size 64x64, a subblock having a size
ot 32x32 may be determined as a subblock type included in
the layer O or a subblock type included in the layer 1.

In this event, a method of allocating a layer number to the
split subblock may be different depending on the availability
of each layer. If the layer K+1 is available, a layer number
K+1 is allocated to a subblock. If the layer K+1 is not avail-
able, a layer number K is allocated to the subblock.

For example, in a case where a macroblock size is 64x64
and the number of maximum partition layers is 4, when the
64x64 macroblock is split into 4 subblocks of size 32x32, the
32x32 subblock is included in a layer 1. When one 32x32
subblock within the macroblock is split into 4 subblocks of
size 16x16, each 16x16 subblock is included in a layer 2.
When each 16x16 subblock is split into 4 subblock of size
8x8, the 88 subblock is included in alayer 3. When each 8x8
subblock is split into 4 subblocks of size 4x4, the 4x4 sub-
block is included in the layer 3 because a layer 4 is not
available.

Further, when a NxN block of the layer K is split into 4
subblocks of size

(Y4
©| =z

a layer number of the split

(ST~
©| =z

subblock may be allocated K. In this event, when the

(ST~
©| =z

subblock is split into smaller subblocks, the layer number of
the split

(ST~
| =z

subblock is allocated K+1.

For example, in a case where a macroblock size is 64x64
and the number of maximum partition layers is 4, when the
64x64 macroblock is split into 4 subblocks of size 32x32, the
32x32 subblock is included in a layer 0. When one 32x32
subblock within the macroblock is split into 4 subblocks of
size 16x16, each 16x16 subblock is included in a layer 1.
When each 16x16 subblock is split into 4 subblocks of size
8x8, the 8x8 subblock is included in a layer 2. Further, when
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each 8x8 subblock is split into 4 subblocks of size 4x4, the
4x4 subblock is included in a layer 3.

B-1-3) Partition Type

Further, the macroblock can be split by using various par-
tition types shown in FIGS. 10 and 34.

FIGS. 10 and 34 are exemplary diagrams for illustrating
partition types according to another aspect of the present
disclosure.

B-1-3-1) Example 1 of Partition Types

FIG. 10 is an exemplary diagram for illustrating partition
types according to another aspect of the present disclosure.

FIG. 10 shows an example of partition type indicating
information (partition type numbers) for identifying block
sizes of subblocks split for each layer.

As shown in FIG. 10, when a subblock

N _N
®XFK

included in a layer K of a macroblock is not split, partition
type indicating information is allocated “0”.
When the subblock

N N
oK X 3%

is split into two subblocks of size

N N
2_KX2K+1’

partition type indicating information is allocated “1”. When
the subblock

N _N
®XFK

is split into two subblocks of size

N _N
IR TE

partition type indicating information is allocated “2”. When
the subblock

N _N
®XFK

is split into four subblocks of size

N N
2K+1 2K+

partition type indicating information is allocated “3”. A par-
tition number refers to a number allocated to for an identifi-
cation of each subblock split based on a partition type. For
example, when the subblock
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N _N
2 X9k

of the layer K is not split, a partition number of the unsplit
subblock

N N
oK X 3%

is allocated “0”. Further, when the subblock

N _N
2 X9k

of'the layer K is split into four subblocks of size

N N
2K+1 2K+
the respective
N N
2K+1 x 2K+1

subblocks may be sequentially allocated partition numbers O,
1, 2, and 3 from a subblock located in a left upper part of the
macroblock in a raster scan direction.

B-1-3-2) Example 2 of Partition Types

FIG. 34 is an exemplary diagram for illustrating partition
types according to another aspect of the present disclosure.

FIG. 34 shows an example of partition type indicating
information (partition type number) for identifying block
sizes of subblocks split for each layer.

As shown in FIG. 34, when a subblock

N _N
2 X9k

included in a layer K of a macroblock is not split, partition
type indicating information is allocated “0”. When the sub-
block

N N
2% X 3%

is split into four subblocks of size

N N
2K+1 X 2K+

partition type indicating information is allocated “1”. A par-
tition number refers to a number allocated for an identifica-
tion of each subblock split based on a partition type. For
example, when the subblock
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N _N
®XFK

of the layer K is not split, a partition number of the unsplit 3

subblock

N N
oK X 3%

is allocated “0”.
Further, when the subblock

N _N
®XFK

of the layer K is split into four subblocks of size

N N
2K+1 2K+
the respective
N N
2K+1 2K+1

subblocks may be sequentially allocated partition numbers O,
1, 2, and 3 from a subblock located in a left upper part of the
macroblock in a raster scan direction.

Further, various partition types may be combined and used
for each layer. For example, the layer 0 and the layer 1 can use
the partition type shown in FIG. 34 and lower layers of the
layer 1 can also use the partition type shown in FIG. 10.

B-1-4) Partition Information Encoding Method

Hereinafter, various methods of encoding partition infor-
mation, which is information indicating sizes and shapes of
subblocks used for the prediction or the transform within the
macroblock, according to an aspect of the present disclosure
will be described.

B-1-4-1) Partition Information Decoding Method 1

A first method of encoding partition information is first
described.

According to the first method, partition information indi-
cating a type of a macroblock split into various sizes of
subblocks may be represented using partition type indicating
information (partition type numbers) for each layer. Accord-
ingly, a plurality of subblocks included in a macroblock can
be identified by the partition type indicating information for
each layer. The partition information encoder 810 can encode
partition information of a block by using the partition type
indicating information for each layer through various meth-
ods, which will be described later.

For example, the partition information encoder 810 can
encode partition information of a current block by sequen-
tially encoding partition type indicating information for each
partition layer of a macroblock based on a partition type
indicating information encoding order.

Hereinafter, a method of encoding partition information of
a current block through a sequential encoding of partition
type indicating information for each partition layer of a mac-
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roblock based on a partition type indicating information
encoding order will be described with reference to FIGS. 11
to 13.

FIG. 11 is an exemplary diagram for illustrating a macrob-
lock split into subblocks having various block sizes according
to another aspect of the present disclosure.

FIG. 11 shows the macroblock split into subblocks having
various block sizes based on the subblock types shown in
FIG. 10, wherein the macroblock has a block size of 64x64
and the number of maximum partition layers is 4.

According to another aspect of the present invention, when
the macroblock is split as shown in FIG. 11, partition infor-
mation of the macroblock can be encoded by sequentially
encoding partition type indicating information for each par-
tition layer based on the partition type indicating information
encoding order.

FIG. 12 shows processes of sequentially splitting the mac-
roblock shown in FIG. 11 for each partition layer. Referring to
FIG. 12, a subblock having a block size of 64x64 is split into
4 subblocks having a block size 0f 32x32 in a layer O (1.0), an
L.1-PO subblock (having a partition number 0 ofalayer 1) and
an [L.1-P3 subblock (having a partition number 3 of the layer
1) are split into 4 subblocks having a block size of 16x16,
respectively (L1), and an I.1-P1 subblock (having a partition
number 1 of the layer 1) and an L.1-P2 subblock (having a
partition number 2 of the layer 1) are split into 2 subblocks
having a block size of 16x32 and 2 subblocks having a block
size 0f 32x16 in the layer 1, respectively. After the L1-P1 and
L.1-P2 subblocks are split into 2 subblocks, respectively, the
subblocks are not split any more, so that partition numbers of
the subblocks are not illustrated in FIG. 15. An L.2-P0 sub-
block (having a partition number 0 of a layer 2) is split into 4
subblocks having a block size of 8x8 and an [.2-P subblock
(having a partition number 3 of the layer 2) is split into 2
subblocks having a block size of 16x2 in the layer 2 (L2). An
L3-PO subblock (having a partition number 0 of alayer 3) and
an [.3-P1 subblock (having a partition number 1 of the layer
3) are split into 4 subblocks having a block size of 4x4 in the
layer 3 (L3), respectively.

An order of encoding partition type indicating information
is as follows.

Partition type indicating information on a macroblock par-
tition type is first encoded. Then, if the macroblock is split
into 4 subblocks, partition type indicating information on the
respective split subblocks is successively encoded. For
example, when a NxN block is split into 4 subblocks, parti-
tion type indicating information on a first (N/2)x(N/2) sub-
block is encoded. When the first (N/2)x(N/2) subblock is split
into 4 subblocks, partition type indicating information on the
split (N/4)x(N/4) subblocks is encoded. When a size of the
split (N/4)x(N/4) subblock corresponds to a minimum sub-
block size or when the split (N/4)x(N/4) subblock is not split
into 4 smaller subblocks any more, partition type indicating
information on a next (N/4)x(N/4) subblock is encoded in a
raster scan order. When the size of the (N/4)x(N/4) subblock
does not correspond to the minimum subblock size and the
(N/4)x(N/4) subblock is split into 4 subblocks having a block
size of (N/8)x(N/8), an encoding is performed from partition
type indicating information on a first (N/8)x(N/8) subblock.
The encoding on the partition type indicating information is
continuously performed until partition type indicating infor-
mation on all subblocks within the macroblock is encoded.

FIG. 13 is an exemplary diagram for illustrating a process
of sequentially encoding partition type indicating informa-
tion for each layer of a macroblock.

The table shown in FIG. 13 is generated when the partition
type indicating information on respective subblocks within
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the macroblock shown in FIG. 11 is encoded. Numbers writ-
ten in “s” of FIG. 11 refer to orders of encoding partition type
indicating information of respective subblocks. If partition
type indicating information for each layer of the macroblock
is sequentially encoded according to a partition type indicat-
ing information encoding order, the partition type indicating
information for each layer may be encoded according to the
order shown in FIG. 11.

First, since the subblock (1.0-P0) having the block size of
64x64 is split into 4 subblocks having a block size 0f32x32,
partition type indicating information 3 is encoded. Since the
first subblock (L.1-P0) having the block size of 32x32 among
4 subblocks having the block size 32x32 within the subblock
having the block size of 64x64 is split into 4 subblocks having
the block size of 16x16, partition type indicating information
3 isencoded. The first subblock (I.2-P0) having the block size
of 16x16 among 4 subblocks having the block size of 16x16
within the first subblock (L.1-P0) having the block size of
32x32 is split into 4 subblocks having the block size of 8x8,
a partition type 3 is encoded. Since 4 subblocks (L3-PO,
L3-P1,L3-P2, and L.3-P3) having the block size of 8x8 within
the subblock (I.2-P0) having the block size of 16x16 are not
split into smaller subblocks any more, partition type indicat-
ing information {3, 3, 0, 0} is encoded, respectively. Since
subblocks in the layer 3 cannot be split into smaller sub-
blocks, partition type indicating information on the subblocks
included in the layer 3 is not encoded.

Since partition type indicating information on subblocks
included in the layer 3 has been fully encoded, partition type
indicating information on a second subblock (L.2-P1) having
the block size of 16x16 and a third subblock (1.2-P2) having
the block size of 16x16 in the layer 2 encoded. However, in
this event, they all are not split into smaller subblocks any
more, so that partition type indicating information O is
encoded. Since partition type indicating information is not 3
although a fourth subblock (I.2-P3) having the block size of
16x16 is split into subblocks having the block size of 16x8,
only partition type indicating information 1 is encoded. Since
partition type indicating information on 4 subblocks included
in the layer 2 has been fully encoded, partition type indicating
information on a second subblock (L.1-P1) having the block
size 0f 32x32 in the layer 1 is encoded. In this event, since the
second subblock (I.1-P1) having the block size of 32x32 in
the layer 1 is split into subblocks having the block size of
16x32 and the respective split subblocks are not split into
smaller subblocks any more, partition type indicating infor-
mation 2 is encoded. In the same way, partition type indicat-
ing information on a second subblock (L.1-P2) having the
block size 0f32x32 and a fourth subblock (I.1-P3) having the
block size of 32x32 in the layer 1, and 4 lower subblocks
(L2-PO, 1.2-P1, 1.2-P2, and L.3-P3) having the block size of
16x16 are sequentially encoded, and thus {1, 3, 0, 0, 0, 0} is
encoded.

If information on partition types of the macroblock shown
in FIG. 11 is encoded according to such an encoding method,
partition type indicating information {3, 3, 3, 3,3, 0, 0, 0, 0,
1,2,1,3,0,0,0,0} is encoded as shown in FIG. 13.

Further, it is possible to encode the partition type indicating
information according to the following order.

Partition type indicating information {3} of the layer 0 is
encoded, partition type indicating information {3, 2, 1,3} on
4 subblocks (L.1-PO, L1-P1, L.1-P2, and [.1-P3) of the layer 1
is encoded, partition type indicating information {3, 0,0, 1,0,
0, 0, 0} on 8 subblocks (4 subblocks included in [.1-P0 and 4
subblocks included in 1.1-P3) of the layer 2 is encoded, and
partition type indicating information {3, 3, 0, 0} on 4 sub-
blocks (4 subblocks included in [.2-P0O within [.1-PO) of the
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layer 3 is encoded. In this event, partition type indicating
information {3, 3,2,1,3,3,0,0,1,0,0,0,0,3,3,0,0} is
encoded.

In this event, the partition type indicating information may
be encoded into a binary bit string by using a lossless com-
pression coding such as a binary arithmetic coding, a Huff-
man coding, etc.

For example, in a case of using the binary arithmetic cod-
ing, each of the partition type indicating information can use
different binary values depending on layer numbers of parti-
tion type indicating information to be currently encoded. The
partition type indicating information can be encoded by using
Table 1 if the layer number is equal to or smaller than

s 15}

and the partition type indicating information can be encoded
by using Table 2 if the layer number is larger than

Ing(%)s

For example, since partition type indicating information 3 of
the subblock (L.1-P0) of FIG. 11 can be expressed by the
binary number “01” with reference to Table 1, the partition
type indicating information 3 can be encoded by performing
an arithmetic encoding on the binary numbers “0” and “1”.
Further, since partition type indicating information 0 of the
subblock (L.3-P2) included in the subblock (L.2-P0) can be
expressed by the binary number “17, the partition type indi-
cating information 3 can be encoded by performing an arith-
metic encoding on the binary number “1”.

TABLE 1
Partition Type Indicating Information Binary String
0 0 0
1 1 1
2 1 0
3 0 1
TABLE 2
Partition Type Indicating Information Binary String
0 1
1 0 0
2 0 1 1
3 0 1 0

In addition, an actual partition type indicating information
value can be encoded using various binary coding methods
such as a unary code, a truncated unary code, Exp-Golomb
code, etc.

Furthermore, when a macroblock is split by using partition
types shown in FIG. 34 according to another aspect of the
present disclosure, partition type indicating information may
be a flag having a 1 bit length indicating whether a current
block is split into 4 subblocks.

B-1-4-2) Partition Information Encoding Method 2

As another aspect of encoding block partition information
by using a partition type for each macroblock layer, the par-
tition information encoder 810 can encode block partition
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information by using a tree structure. That is, the partition
information encoder 810 first encodes a layer number by
using the tree structure and then encodes block partition infor-
mation by encoding partition type indicating information.

Hereinafter, a second method of encoding block partition
information using a tree structure will be described with
reference to FIGS. 14 to 18.

FIGS. 14A and 14B are exemplary diagrams for illustrat-
ing a method of encoding block partition information by
using a tree structure according to another aspect of the
present disclosure.

FIG. 14 A shows layer numbers of respective subblocks of
the macroblock for each level, and FIG. 14B shows layer
numbers of respective subblocks for each level in a tree struc-
ture.

InFIG. 14A, amacroblock size is NxN and the macroblock
is split into subblocks by partition types shown in FIG. 10.
FIG. 14A illustrates a case where the macroblock is split into
subblocks having a block size of Nx(N/2) as an example. The
macroblock having the block size of NxN is split into 2
subblocks having the block size of Nx(N/2), and partition
type indicating information is 1. Here, since each Nx(N/2)
subblock is included in a layer 0, a minimum value of the
layer number of the 2 subblocks in a tree level 1 is 0. Accord-
ingly, a layer number of a tree level 0 becomes 0. Meanwhile,
numbers indicated in “ ” such as “01”, “1”, and “001” repre-
sent binary bits in FIGS. 14 to 18.

FIG. 14B illustrates layer numbers of respective subblocks
for each level shown in FIG. 14A in a tree structure type.

After the number of “0 (1 bit)” corresponding to a differ-
ence value between a layer number of a higher node and a
layer number of a current node, which is desired to be
encoded, is encoded, “1” is lastly encoded. For example,
when the difference value between the layer number of the
higher node and the layer number of the current node is 3, a
binary number “0001” is encoded. When the difference value
is 0, a binary number “1” is encoded. Since there is no higher
node of a level 0, it is assumed that a layer number of the
higher node is 0. Accordingly, a difference value between the
layer number O of the level 0 and the assumed layer number O
of'the higher node is 0, so that a binary bit of the layer number
0 of the level 0 becomes “1”".

Since the layer number of the level 1 and the layer number
of'the level O are equal to each other, the layer number may not
be encoded any more and partition type indicating informa-
tion 1 of the level 1 is encoded.

The partition type indicating information can be encoded
into the binary bit string by using a lossless compression
coding such as a binary arithmetic coding, a Huffman coding,
etc. as described above.

Further, the partition type indicating information can be
encoded by using various binary coding methods such as a
unary code, a truncated unary code, an Exp-Golomb code,
etc.

In addition, different binary values can be used depending
on layer numbers.

Furthermore, when the macroblock is split by using parti-
tion types according to another aspect of the present disclo-
sure shown in FIG. 34, partition type indicating information
may be a flag having a 1 bit length indicating whether the
current block is split into 4 subblocks.

The partition type indicating information 1 according to
the above aspect can represent the partition type indicating
information value with the binary bit as described above. For
example, since partition type indicating values “0”, “1”, “27,
and “3” correspond to 4 types, they can be represented by
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“007, 017,107, and “11” by allocating 2 bits. In this event,
the partition type indicating information 1 can be represented
by “01”.

Accordingly, when macroblock partition information
shown in FIG. 14A is finally encoded by using the tree struc-
ture, data to be encoded becomes “101”.

FIGS. 15 and 16 are exemplary diagrams for illustrating an
example of a method of encoding block partition information
by using the tree structure according to another aspect of the
present disclosure.

FIG. 15 shows an example of a process of determining a
layer number of each subblock for each level in order to
encode block partition information by using the tree structure
when a macroblock having a block size of NxN is split into 2
subblocks having a block size of (N/2)x(N/4), 1 subblock
having a block size of (N/2)x(N/2), 2 subblocks having a
blocks size of (N/4)x(N/2), and 4 subblocks having a block
size of (N/4)x(N/4).

First, alevel 2 is constructed by the macroblock having the
block size of NxN, and a level 1 is constructed together by a
minimum value of a layer number of the 2 subblocks included
in a first subblock having the block size of (N/2)x(N/2) within
a macroblock of the level 2, a minimum value of a layer
number of the 1 subblock included in a second subblock
having the block size of (N/2)x(N/2) within the macroblock
of the level 2, a minimum value of a layer number of the 2
subblocks included in a third subblock having the block size
of (N/2)x(N/2) within the macroblock of the level 2, and a
minimum value of a layer number of the 4 subblocks included
in a fourth subblock having the block size of (N/2)x(N/2)
within the macroblock of the level 2.

FIG. 16 shows a process of constructing the tree structure
according to the layer number for each level constructed in
FIG. 15 and encoding the layer number and a partition type.

A layer number of the level 0 to be encoded is 1 and there
is no higher node of the level 0. Since a difference value
between a layer number of'a higher node and the layer number
of the level 0 is 1 based on an assumption that the layer
number of the higher node is “0”, a binary bit of the layer
number of the level 0 becomes “01”. Since layer numbers of
the level 1 to be encoded are 1, 1, 1, 1, respectively and the
layer number of the higher node (level 0) is 1, a difference
value between the layer numbers is 1 and thus binary bits of
respective layer numbers are “17, “1”, “1”, and “1”. Since
layer numbers of the level 2 to be encoded are all included in
the level 1, the layer numbers do not have to be encoded any
more. Accordingly, partition type indicating information 1, 0,
2, and 3 are encoded. Since the partition type indicating
information is binary arithmetic-encoded or Huffman-en-
coded by using different tables depending on the layer num-
ber as described above, binary bits of the partition type indi-
cating information 1, 0, 2, and 3 can become, for example,
“007, “117, “10”, and “01”. Therefore, a layer number and
partition type indicating information to be finally encoded
become
“017—=“1"—=41"—1"—=“1"—=“00"—“11"—“10"—“01".
As a result, “01111100111001” is encoded and becomes
encoded partition information data.

FIGS. 17 and 18 are exemplary diagrams for illustrating
another example of the method of encoding the block parti-
tion information by using the tree structure according to
another aspect of the present disclosure.

FIG. 17 shows an example of a case where a macroblock
having a block size of NxN is split into 2 subblocks having a
block size of (N/2)x(N/4), 1 subblock having a block size of
(N/2)x(N/2), 2 subblocks having a blocks size of (N/4)x(N/
2), 2 subblocks having a block size of (N/32)x(N/16), 4
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subblocks having a block size of (N/32)x(N/32), 6 subblocks
having a block size of (N/16)x(N/16), and 2 subblocks having
a block size of (N/4)x(N/4). A fourth subblock having the
block size of (N/2)x(N/2) of the macroblock is split into 4
subblocks having the block size of (N/4)x(N/4), and a first
subblock and a second subblock having the block size of
(N/4)x(N/4) among the 4 subblocks having the block size of
(N/4)x(N/4) are split into 4 subblocks having the block size of
(N/16)x(N/16), respectively. Here, since a first subblock and
a second subblock having the block size of (N/16)x(N/16)
among the subblocks having the block size of (N/16)x(N/16)
split from the first subblock having the block size of (N/4)x
(N/4) are split into smaller blocks, layer numbers 2 and 3 are
allocated as shown in FIG. 17.

FIG. 18 can be created if the macroblock shown in FIG. 17
is constructed according to a layer number for each level in a
tree structure type in the same way described in FIG. 15.

FIG. 18 shows a process of constructing the tree structure
according to the layer number for each level constructed in
FIG. 17 and encoding layer numbers and partition types.

If layer numbers and partition type indicating information
are encoded in the same way described in FIG. 16, data to be
finally encoded becomes
“01111010111100111010011111011111”.

B-1-4-3) Partition Information Encoding Method 3

Hereinafter, a third method of encoding block partition
information will be described with reference to FIGS. 19 and
20.

According to the third method, the partition information
encoder 810 can encode block partition information by using
apartition layer value and a partition flag. That is, the partition
information encoder 810 splits the macroblock by using only
subblocks having a square shape such as NxN, (N/2)x(N/2),
and (N/4)x(N/4) when a block type of a block, whcih encodes
partition information, is an intra block type, and can encode
the block partition information by encoding partition layer
values of respective subblocks and the partition flags. Here-
inafter, a method of encoding block partition information by
using the partition layer value and the partition flag is
described with reference to FIGS. 19 and 20.

FIG. 19 is an exemplary diagram for illustrating subblocks
split based on partition layer values according to another
aspect of the present disclosure.

When a macroblock having a block size of NxN (N is an
integer equal to or larger than 16) is split according to parti-
tion layer values 0, 1, and 2, sizes and shapes of subblocks can
be determined as shown in FIG. 19. When the macroblock
having the block size of NxN is split according to the partition
layer value 0, the macroblock is split into only 1 subblock
having the block size of NxN. When the macrobock is split
according to the partition layer value 1, the macroblock is
split into 4 subblocks having a block size of (N/2)x(N/2).
When the macroblock is split according to the partition layer
value 2, the macroblock is split into 8 subblock having a block
size of (N/4)x(N/4).

Accordingly, when it is assumed that a partition layer value
of'any block is x, a block size of a subblock of the correspond-
ing block can become

N N

%

X .
%

For example, when a partition layer value is 3, a macroblock
having a block size of 64x64 is split into subblocks having a
block size of 8x8. Further, when a partition layer value of the
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subblock having the block size of 8x8 is 1, the subblock
having the block size of 8x8 is split into subblocks having a
block size of 4x4.

A partition flag is a flag indicating that, when a NxN block
is split into

N N
%X

subblocks, one or more

N N

%

XZX

subblocks are split into smaller subblocks.
For example, when the NxN block is split into

N N

"o
subblocks and all

N N

7=

subblocks within the NxN block are not split into smaller
subblocks, the partition flag has a value (e.g. 0) indicating that
all

N N
2%

subblocks with the NxN block are not split into smaller sub-
blocks.

When the NxN block is split into

N N

%

subblocks and one or more

N N

%

XZX

subblocks within the NxN block are split into smaller sub-
blocks, the partition flag has a value (e.g. 1) indicating that all

N N

X
%

subblocks within the NxN block are split into smaller sub-
blocks.

When the partition flag has the value indicating that a
subblock is split into smaller subblocks, partition layer values
and partition flags for all
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N N

%

X
%

subblocks within the NxN block are encoded and subblock
types of respective

N N

%

%

subblocks are transmitted to the video decoding apparatus.

However, when a subblock size split according to a parti-
tion layer value corresponds to a minimum block size (that is,
the subblock cannot be split into smaller subblocks), the
partition flag is not encoded.

The aforementioned partition layer value and partition flag
are included in the bitstream, and encoded and transmitted to
the video decoding apparatus. In a method of encoding the
partition layer value, a macroblock size to be transmitted can
be encoded by using various binary coding methods such as a
unary code, a truncated unary code, an Exp-Golomb code,
etc.

Alternatively, the macroblock size can be encoded by using
a binary arithmetic coding, a Huffman coding, etc.

Alternatively, an index value of a prearranged table
between the video encoding and the video decoding appara-
tus can be encoded by using the aforementioned various
binary coding methods.

The partition flag can be included in the bitstream by using
1 bit indicating whether a block is split or not.

FIG. 20 is an exemplary diagram for illustrating a process
of encoding block partition information by using a partition
layer value and a partition flag according to another aspect of
the present disclosure.

FIG. 20 shows an example of encoding block partition
information by using the partition layer value and the parti-
tion flag when a block size of a macroblock is 64x64 and a
maximum partition layer value is 4.

When the macroblock is split as shown in FIG. 20, partition
layer values and partition flags of respective subblocks are
generated in every partition number for each layer for iden-
tifying the respective subblocks as shown in a table of FIG.
20, and partition layer values and partition flags are sequen-
tially encoded from an L.O-PO subblock to an L.1-P3 subblock.
Since the LO-PO subblock having a block size of 64x64 is split
into 4 subblocks having a block size of 32x32, a partition
layer value is 1. A partition flag value of each 32x32 subblock
is set to a value indicating that the subblock is split into
smaller subblocks, and a partition layer value and a partition
flag are encoded.

Since the [.1-PO subblock having the block size 0 32x32 is
not splitinto smaller subblocks, a partition layer value is O and
a partition flag does not need to be encoded. Since an [L1-P1
subblock having the block size of 32x32 is split into sub-
blocks having a block size of 8x8, a partition layer value is 2.
Since the subblocks having the block size of 8x8 are not split
any more, a partition flag is encoded into 0 indicating that the
subblock is not split. In this event, sizes and shapes of sub-
blocks L2-P0 to L2-P15, which are lower subblocks of the
L1-P1 subblock, can be identified in the video decoding appa-
ratus by encoding only partition layer values and partition
flags of the subblocks [.2-P0 to L.2-P15 without separately
encoding partition types of the subblocks [.2-P0 to [.2-P15.
Since an [.1-P2 subblock having the block size of 32x32 is
split into 4 subblocks having a block size of 16x16, a partition
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layer value is 1 and a partition flag is encoded into 1 indicating
that the subblock is split into smaller subblocks. Since it has
been indicated that the [.1-P2 subblock is split into smaller
subblocks by indicating the partition flag of the L.1-P2 sub-
block as 1, partition types of respective split subblocks of
L2-PO to L2-P3 are encoded. Accordingly, partition layer
values of the L2-P0, L.2-P1, and L2-P2 subblocks are 0, and
thus partition flags do not need to be encoded due to the
partition layer values of 0. Since the [.2-P3 subblock is split
into subblocks having a block size of 4x4 and the split sub-
blocks are not split into smaller subblocks, a partition layer 2
and a partition flag 0 indicating that the subblock is not split
should be encoded. However, a maximum partition layer
value and a sum of total layer values of the L1-P1 and [.2-P3
subblocks are equal to each other, wherein the maximum
partition layer value is 4 and each of the partition layer values
of'the L1-P1 and [.2-P3 subblocks is 2. Accordingly, it can be
derived that the subblock cannot be split any more, which
means that the partition flag does not need to be encoded.
Lastly, since an [.1-P3 subblock having the block size of
32x32 is split into 64 subblocks having a block size of 4x4, a
partition layer value is 3 and its partition layer value is equal
to the maximum partition layer value like the [.2-P3 sub-
block. Accordingly, it can be derived that the subblock cannot
be split any more, which means that the partition flag does not
need to be encoded.

In the above described way, block partition information
can be encoded by encoding the partition layer value and the
partition flag for the partition number for each layer for iden-
tifying respective subblocks of the macroblock.

Meanwhile, the method of encoding block partition infor-
mation by sequentially encoding the partition type indicating
information for each layer of the macroblock according to the
subblock order and generating encoded partition information
data has been described through FIGS. 11 to 13, but it is not
necessary to split the macroblock into subblocks as shown in
FIGS. 11 to 13 and the block partition information can be
encoded by sequentially encoding the partition type indicat-
ing information for each layer of the macroblock according to
the subblock order even when the macroblock is split as
shown in FIG. 21.

B-1-4-4) Partition Information Encoding Method 4

Hereinafter, a fourth method of encoding block partition
information is described with reference to FIGS. 21 and 22.

FIG. 21 is an exemplary diagram for illustrating another
example of a macroblock split into subblocks having various
block sizes according to another aspect of the present disclo-
sure.

Meanwhile, it has been described that subblocks of the
layer K+1 are available only when the subblock of the layer K
(0=K<log,(N/4)) is split into 4 subblocks in the layer K in
FIG. 9, but subblocks of the layer K+1 are available when the
subblock of the layer K is split into one or more subblocks in
the layer K in FIG. 21 (that is, when partition type indicating
information is 1, 2, or 3).

FIG. 21 shows an example in which a macroblock having a
block size of 64x64 is split into 2 subblocks having a block
size of 64x16 and 2 subblocks having a block size of 32x32.
Numbers written in “[J” represent an order of encoding par-
tition type indicating information of respective subblocks. If
partition type indicating information of respective layers of
the macroblock is sequentially encoded according to the sub-
block order, the partition type indicating information for
respective layers can be encoded according to the order
shown in FIG. 11.
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FIG. 22 is another exemplary diagram for illustrating a
process of sequentially encoding partition type indicating
information for respective layers of the macroblock accord-
ing to the subblock order.

A table shown in FIG. 22 is generated if partition type
information of respective subblocks of the macroblock shown
in FIG. 21 is encoded. If partition type indicating information
of respective layers of the macroblock is sequentially
encoded according to the subblock order, the partition type
indicating information for respective layers can be encoded
according to the order shown in FIG. 11.

In this event, the partition type indicating information can
be encoded into the binary bit string by using a lossless
compression coding such as a binary arithmetic coding, a
Huffman coding, etc.

Alternatively, an actual partition type indicating informa-
tion value can be encoded using various binary coding meth-
ods such as a unary code, a truncated unary code, Exp-
Golomb code, etc.

Further, when the macroblock is split by using partition
types according to another aspect of the present disclosure
shown in FIG. 34, the partition type indicating information
may be a flag having a 1 bit length indicating that the current
block is split into 4 subblocks or not.

B-1-5) Description of Encoding Flowchart

FIG. 23 is a flowchart for illustrating a video encoding
method according to another aspect of the present disclosure.

According to the video encoding method according to
another aspect of the present disclosure, the video encoding
apparatus 800 generates encoded image data by performing a
predictive-encoding on a current block split into a plurality of
subblocks in step S2310, generates encoded partition infor-
mation data by encoding partition information of the current
block in step S2320, and generates a bitstream including the
encoded image data and the encoded partition information
data in step S2330.

Here, the current block may be a macroblock having a size
larger than a block size of 16x16, and the partition informa-
tion may contain block sizes and arrangements of a plurality
of subblocks within the current block.

A plurality of subblocks can be identified by partition type
indicating information for each partition layer. In this event,
the video encoding apparatus 800 can encode partition infor-
mation of the current block by sequentially encoding the
partition type indicating information for each partition layer
according to a partition type indicating information encoding
order or encode the partition information of the current block
by encoding layer numbers and the partition type indicating
information by using a tree structure in step S2320.

Further, the video encoding apparatus 800 can encode the
partition information of the current block by using partition
layer values and partition flags. More specifically, the video
encoding apparatus 800 can encode the partition information
of the current block by using partition layer values and par-
tition flags only when a block type of the current block is an
intra block type. Since the method of encoding the partition
information of the current block by the video encoding appa-
ratus 800 has been described through FIGS. 8 to 22, its
detailed description will be omitted here.

B-2) Video Decoding Apparatus of Embodiment 2

B-2-1) Block Diagram and Description of Decoding Appa-
ratus

FIG. 24 is a schematic block diagram for illustrating a
video decoding apparatus according to another aspect of the
present disclosure.
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The video decoding apparatus 2400 according to another
aspect of the present disclosure may include a partition infor-
mation decoder 2410 and a video decoder 2420.

The partition information decoder 2410 extracts and
decodes encoded partition information data from the bit-
stream, and reconstructs partition information of the current
block. Here, the partition information of the current block
may be partition type indicating information for each parti-
tion layer, layer numbers and partition type indicating infor-
mation using a tree structure, or partition layer values and
partition flags. When the partition information of the current
block is the partition type indicating information according to
a partition type indicating information encoding order, the
partition information decoder 2410 can obtain partition type
indicating information for each layer shown in FIG. 13 by
decoding encoded partition information data, and can obtain
a current block split into a plurality of subblocks shown in
FIG. 11 by splitting the current block into the plurality of
subblocks according to partition type indicating information
for each layer based on the partition type indicating informa-
tion and the encoding order shown in the table of FIG. 3.

When the partition information of the current block corre-
sponds to layer numbers and partition type indicating infor-
mation using the tree structure, the partition information
decoder 2410 can obtain layer numbers and partition type
indicating information expressed in the tree structure as
shown in FIG. 16 by decoding encoded partition information
data, and can obtain a current block split into a plurality of
subblocks shown in FIG. 15 by inversely performing the
method described in FIGS. 15 and 16 by using the layer
numbers and the partition type indicating information
expressed in the tree structure as shown in FIG. 16.

When the partition information of the current block corre-
sponds to partition layer values and partition flags, the parti-
tion information decoder 2410 can obtain partition layer val-
ues and partition flags shown in FIG. 20 by decoding encoded
partition information data, and can obtain a current block split
into a plurality of subblocks shown in FIG. 20 by inversely
performing the method described in FIG. 20.

The video decoder 2420 may be equally or similarly con-
structed to the video decoding apparatus according to an
aspect of the present disclosure described with reference to
FIG. 7. However, the video decoder 2420 according to
another aspect of the present disclosure extracts and decodes
encoded image data of subblocks split according to partition
information of the current block reconstructed by the parti-
tion information decoder 2410, and then reconstructs respec-
tive subblocks through a predictive encoding. In this event,
image data extracted from the bitstream by the video decoder
2420 may be predicted data and/or data required for a residual
signal decoding such as a transform type, CBP, and a trans-
form coefficient. Here, the predicted data corresponds to data
indicating whether each subblock is an intra block or an inter
block, and corresponds to an intra prediction mode for the
intra block and motion information for the inter block.

B-2-2) Partition Information Decoding Method

Hereinafter, various methods of decoding partition infor-
mation, which is information indicating sizes and shapes of
subblocks used for the prediction or the transform within the
macroblock, according to aspects of the present invention will
be described.

B-2-2-1) Partition Information Decoding Method 1

A decoding method according to the first method of encod-
ing the partition information is first described.

Partition type indicating information is decoded by using a
prearranged subblock type available for each layer between
the video encoding apparatus and the video decoding appa-
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ratus according to a prearranged order between the video
encoding apparatus and the video decoding apparatus. For
example, available subblock types for respective layers may
be subblock types shown in FIGS. 10 and 34, and the partition
type indicating information can be sequentially decoded
according to the orders shown in FIGS. 11 and 13.

Hereinafter, a decoding method under the same conditions
as the examples used for describing the first method of encod-
ing the partition information is described. The partition infor-
mation is decoded based on subblock types shown in FIG. 10
according to the order shown in FIG. 11.

The partition information decoder 2410 extracts and
decodes first partition type indicating information from the
bitstream, and reconstructs partition type indicating informa-
tion of a macroblock layer 0. When a reconstructed partition
type indicating information value is 0, it means that the mac-
roblock is not split into subblocks, so that a partition type
indicating information decoding of the current macroblock is
terminated. Thereafter, the prediction or the transform is per-
formed by unit of NxN macroblocks.

When the reconstructed partition type indicating informa-
tion value of the layer O is 1, the macroblock is split into 2
subblocks of size

and a partition type indicating decoding of the current mac-
roblock is terminated.

Thereafter, the prediction or the transform is performed by
unit of

| =

macroblocks.

When the reconstructed partition type indicating informa-
tion value of the layer O is 2, the macroblock is split into 2
subblocks of size

— XN

and a partition type indicating decoding of the current mac-
roblockis terminated. Thereafter, the prediction or the inverse
transform is performed by unit of

— XN

macroblocks.

When the reconstructed partition type indicating informa-
tion value of the layer O is 3, the macroblock is split into 4
subblocks of size

ol z
ol z

and partition type indicating information of a first subblock
(having a partition number 0 of a layer 1) is decoded. Here, a
layer number of the
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subblocks is 1, which is a value increased from a higher layer
number.

When partition type indicating information of the subblock
having the partition number 0 of the layer 1 extracted and
decoded from the bitstream is not 3, partition type indicating
information of a second subblock of size

(ST~
©| =z

(having a partition 1 of the layer 1) is encoded.

When the partition type indicating information of the sub-
block having the partition number O of the layer 1 extracted
and decoded from the bitstream is 3, the current subblock is
split into 4 subblocks and the layer number is 2. Thereafter,
partition type indicating information of a subblock corre-
sponding to a partition number O of a layer 1 is extracted and
decoded from the bitstream.

In a case where a layer number K of the current subblock
having a partition number Y corresponds to a maximum value
which can be allocated to layer numbers, if decoded partition
type indicating information of the current subblock (having
the partition number Y of the layer number K) is 3, the current
subblock is split into 4 subblocks and then partition type
indicating information of a subsequent subblock (having a
partition number Y+1 of the layer number K) is decoded in a
raster scan order.

When the partition number of the current subblock corre-
sponds to a maximum value of partition numbers included in
the current layer, partition type indicating information of
subblocks of a higher layer, which have not been decoded yet,
is decoded.

Hereinafter, the decoding method according to the aspect
of FIG. 11 is described based on a case where a macroblock
size is 64x64 and the number of maximum partition layers is
4.Inthe aspect of FIG. 11, a value encoded with partition type
indicating information in the video encoding apparatus is {3,
3,3,3,3,0,0,0,0,1,2,1,3,0,0,0,0}.

First, partition type indicating information of a layer O is
decoded.

Since the decoded partition type indicating information is
3, the 64x64 macroblock is split into 4 subblocks of size
32x32 (L1-P0, L1-P1, L1-P2, and L.1-P3).

Since each 32x32 subblock can be split into smaller sub-
blocks, partition type indicating information of a first 32x32
subblock (I.1-P0) within the 64x64 macroblock is decoded.

Since secondly decoded partition type indicating informa-
tion is 3, the L1-PO subblock is split into 4 subblocks of size
16x16 (L.2-P0O, L.2-P1, L.2-P2, and [.2-P3) and partition type
indicating information ofthe [.2-P0 subblock is extracted and
decoded from the bitstream.

Since thirdly decoded partition type indicating information
is 3, the L.2-PO subblock of size 16x16 is splitinto 4 subblocks
of size 8x8 (L3-PO, L3-P1, [.3-P2, and .3-P3) and partition
type indicating information of the L3-PO subblock is
extracted and decoded from the bitstream.

Since fourthly decoded partition type indicating informa-
tion is 3, the L3-PO subblock of size 8x8 is split into 4
subblocks of size 4x4. Here, since the number of maximum
partition layers is 4, the subblock cannot be split into smaller
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subblocks and thus partition type indicating information of
the L3-P1 subblock is extracted and decoded from the bit-
stream.

Since fifthly decoded partition type indicating information
is 3, the L.3-P1 subblock of size 8x8 is split into 4 subblocks
of size 4x4 and partition type indicating information of the
L3-P2 subblock is extracted and decoded from the bitstream.

Since sixthly decoded partition type indicating informa-
tion is 0, the [.3-P2 subblock of size 8x8 is not split any more
and partition type indicating information of the 1.3-P2 sub-
block, which is the sequent subblock, is extracted and
decoded from the bitstream.

Since seventhly decoded partition type indicating informa-
tionis 0, the L3-P3 subblock of size 88 is also not split. Here,
since a partition number of the current subblock corresponds
to a maximum value of partition numbers included in the
current layer, partition type indicating information of sub-
block [.2-P1 of a higher layer is extracted and decoded from
the bitstream.

Since eighthly decoded partition type indicating informa-
tion is 0, a block size of the subblock [L.2-P1 is 16x16.

In the same way, partition type indicating information of
the subblocks L2-P2 and L.2-P3 is extracted and decoded
from the bitstream, and respective subblock types are deter-
mined.

Since ninthly decoded partition type indicating informa-
tion is also 0, a block size of the subblock L2-P2 is 16x16.
Since tenthly decoded partition type indicating information is
1, the [.2-P3 subblock is split into 2 subblocks of size 16x8.

Since all partition type indicating information of subblocks
included in the layer 2 have been decoded, partition type
indicating information of a second subblock L.1-P1 of size
32x32 of'the layer 1, which is a higher layer, is decoded.

Since eleventhly decoded partition type indicating infor-
mation is 2, the 32x32 block corresponding to the L.1-P1
subblock is split into 2 subblocks of size 16x32 and partition
type indicating information of the subblock L1-P2 is
decoded.

Since twelfthly decoded partition type indicating informa-
tion is 1, the 32x32 block corresponding to the [.1-P2 sub-
block is splitinto 2 subblocks of size 32x16 and partition type
indicating information of the subblock [.1-P3 is decoded.

Since thirteenthly decoded partition type indicating infor-
mation is 3, the 32x32 block corresponding to the L.1-P3
subblock is split into 4 subblocks of size 16x16 (L.2-PO,
[.2-P1,.2-P3, and [.2-P3) and partition type indicating infor-
mation of respective subblocks are decoded in the same way.

Since fourteenthly decoded partition type indicating infor-
mation is 0, a subblock type of the L.2-P0 subblock is 16x16
and partition type indicating information of the 1.2-P1 sub-
block, which is a subsequent subblock, is decoded because
the L.2-PO subblock is not split any more.

Since fifteenthly decoded partition type indicating infor-
mation is 0, a subblock type of the L.2-P1 subblock is 16x16
and partition type indicating information of the 1.2-P2 sub-
block, which is a subsequent subblock, is decoded because
the [.2-P1 subblock is not split any more.

Since sixteenthly decoded partition type indicating infor-
mation is 0, a subblock type of the L.2-P2 subblock is 16x16
and partition type indicating information of the 1.2-P3 sub-
block, which is a subsequent subblock, is decoded because
the [.2-P2 subblock is not split any more.

Since seventeenthly decoded partition type indicating
information is 0, a subblock type of the [.2-P3 subblock is
16x16 and a partition type indicating information decoding
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for a current macroblock decoding is terminated because
subblock types of all subblocks within the macroblock have
been determined.

Hereinafter, a method of decoding partition type indicating
information when all partition type indicating information of
higher layers is encoded and then partition type indicating
information of lower layers is encoded according to the par-
tition type indicating information encoding order will be
described.

Inthe aspect of FIG. 11, a value encoded with partition type
indicating information in the video encoding apparatus is {3,
3,2,1,3,3,0,0,1,0,0,0,0,3,3,0,0}.

First, partition type indicating information of a layer O is
decoded.

Since the decoded partition type indicating information is
3, the 64x64 macroblock is split into 4 subblocks of size
32x32 (L1-P0, L1-P1, L1-P2, and L.1-P3).

Since the number of subblocks included in a layer 1 is 4, 4
partition type indicating information pieces are decoded.
Since partition type indicating information of subblocks (L.1-
PO, L.1-P1, L1-P2, and L.1-P3) reconstructed from the bit-
stream are {3, 2, 1, 3}, the L1-PO and L.1-P3 subblocks are
split into 4 subblocks of size 16x16, the L1-P1 subblock is
split into 2 subblocks of size 16x32, and the [.1-P2 subblock
is split into 2 subblocks of size 32x16.

Partition type indicating information of 8 subblocks of size
8x8 of a layer 2 included in the [.1-PO and [.1-P3 subblocks is
extracted and decoded from the bitstream.

Since partition type indicating information of 4 subblocks
(L2-PO, L.2-P1, L.2-P2, and [.2-P3) included in the recon-
structed L1-PO is {3, 0, 0, 1} and partition type indicating
information of 4 subblocks (L.2-PO, 1.2-P1, [.2-P2, and
L.2-P3) included in the reconstructed [.1-P3 is {0, 0, 0, 0}, the
L2-PO subblock included in the [.1-PO subblock is split into 4
subblocks of size 4x4 and the [.2-P3 subblock is split into 2
subblocks of size 8x4.

Since partition type indicating information of the [.2-P1
and [.2-P2 subblocks included in the L1-PO subblock and 4
subblocks included in the LL1-P3 subblock is all 0, the sub-
blocks are not split.

Since the L.2-P0 subblock included in the L.1-PO subblock
is split into 4 subblocks and they cannot split into smaller
subblocks any more, a partition type indicating information
decoding for a current macroblock decoding is terminated.

In this event, the partition type indicating information is
entropy-decoded by using a prearranged method between the
video encoding apparatus and the video decoding apparatus
among lossless compression encoding/decoding methods
such as a binary arithmetic coding, a Huffman coding, etc.

Further, an actual partition type indicating information
value can be decoded by using various binary coding methods
such as a unary code, a truncated unary code, an Exp-Golomb
code, etc.

In addition, the video decoding apparatus performs an
entropy decoding by using Tables 1 and 2 according to layer
numbers of partition type indicating information when the
video encoding apparatus uses a binary arithmetic coding,
uses Table 1 in a case where a layer number is equal to or
smaller than

s 15}

and uses Table 2 in a case where the layer number is larger
than
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Ing(%),

as the partition type indicating information encoding method.

For example, when partition type indicating information
included in a layer 1 is entropy-decoded for a 64x64 macrob-
lock, 2 bits are entropy-decoded and then partition type indi-
cating information is obtained using Table 1.

When partition type indicating information included in a
layer 3 is entropy-decoded for the 64x64 macroblock, Table 2
is used. First, 1 bit is entropy-decoded. Then, when a decoded
binary bit is 1, partition type indicating information is set to 0
and a partition type indicating information entropy decoding
of the current subblock is terminated. When the decoded
binary bit is not 1, 1 bit is further entropy-decoded from the
bitstream. When a secondly decoded bit is 0, partition type
indicating information of the current subblock is set to 1 and
an entropy decoding for partition type indicating information
of the current subblock is terminated. When the secondly
decoded bit is 1, 1 bit is further entropy-decoded from the
bitstream and it is determined whether partition type indicat-
ing information of the current subblock is 2 or 3 by using
Table 2.

Further, when it is prearranged between the video encoding
apparatus and the video decoding apparatus that partition
types according to another aspect of the present disclosure
shown in FIG. 34 are used, it can be determined whether the
current subblock is split into 4 subblocks by entropy-decod-
ing 1 bit for the partition type indicating information decod-
ing.

B-2-2-2) Partition Information Decoding Method 2

Hereinafter, a decoding method according to the second
method of encoding the partition information is described.

According to the second method, block partition informa-
tion can be decoded by first decoding layer numbers by using
the tree structure and then decoding partition type indicating
information.

In a method of decoding layer numbers, a difference value
between a layer number of a current level and a layer number
of a higher level is reconstructed by decoding binary bits 0
and 1. In this event, 1 bit is read and decoded from the
bitstream in order to reconstruct the difference value. When a
decoded binary bit is 0, 1 bit is further read and decoded from
the bitstream. In the same way, the binary bit 0 is continuously
reconstructed until the binary bit 1 is reconstructed. When the
reconstructed binary bit is 1, no bits are further read and
decoded, and the difference value becomes the number of
reconstructed 0.

A decoding of the layer number of the level 0 is started and
a difference value between the layer number of the level 0 and
a number O is reconstructed from the bitstream by using the
aforementioned method for a layer number reconstruction.
When the reconstructed layer number of the level 0 is larger
than a number 0, a tree is constructed by generating child
nodes in the current node. The number of newly generated
child nodes is different depending on a prearranged subblock
splitting method between the video encoding apparatus and
the video decoding apparatus. According to a subblock split-
ting method shown in FIG. 9, since subblocks included in a
lower layer can be used only when the current subblock is
split into 4 subblocks, 4 child nodes are generated. The newly
generated nodes have level values increased from level values
of higher layers by 1.
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That is, when the reconstructed layer number of the level O
is larger than a level value 0, the tree structure is constructed
by generating 4 child nodes included in a level 1.

Next, 4 difference values for reconstructing layer numbers
of'the newly generated nodes are extracted and reconstructed
from the bitstream, and layer numbers of respective nodes are
reconstructed by adding the difference values and layer num-
bers of higher nodes.

In the same way, when the reconstructed layer number of
each node and a level value ofthe node are equal to each other,
a child node included in a lower level is not constructed for a
corresponding node. When the reconstructed layer number of
each node is larger than the level value of the node, 4 child
nodes are generated for the corresponding node, and a decod-
ing of layer numbers of the newly constructed nodes is per-
formed.

However, when the reconstructed layer number is a maxi-
mum value, which can be allocated to layer numbers (that is,
when a layer number starts from 0, a maximum value, which
can be allocated to the layer number, corresponds to “a maxi-
mum partition layer value-1"), 4 child nodes are generated
for the current node, but the decoding of layer numbers of
respective nodes is not performed.

The tree is constructed until a layer number of the lowest
nodes is equal to a level number of each node or the layer
number has a maximum value, which can be allocated to the
layer number, and each node layer number reconstruction is
continuously performed.

Thereafter, the partition type indicating information
decoding for the lowest nodes is performed. Partition type
indicating information of respective nodes is entropy-de-
coded by using a method prearrange between the video
encoding apparatus and the video decoding apparatus among
lossless compression encoding/decoding methods such as a
binary arithmetic coding, a Huffman coding, etc.

Further, an actual partition type indicating information
value can be decoded by using various binary coding methods
such as a unary code, a truncated unary code, Exp-Golomb
code, etc.

In addition, the video decoding apparatus performs an
entropy decoding by using Tables 1 and 2 according to layer
numbers of partition type indicating information when the
video encoding apparatus uses a binary arithmetic coding,
uses Table 1 in a case where a layer number is equal to or
smaller than

Ing(%),

and uses Table 2 in a case where the layer number is larger
than

ot 15

as the partition type indicating information encoding method.
For example, when partition type indicating information
included in a layer 1 is entropy-decoded, 2 bits are entropy-
decoded and then partition type indicating information is
obtained using Table 1. When partition type indicating infor-
mation included in a layer 3 is entropy-decoded, Table 2 is
used. For example, 1 bit is first entropy-decoded. Then, when
adecoded binary bitis 1, partition type indicating information
is set to 0 and a partition type indicating information entropy
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decoding of the current subblock is terminated. When the
decoded binary bit is not 1, 1 bit is further entropy-decoded
from the bitstream. When a secondly decoded bit is 0, parti-
tion type indicating information of the current subblock is set
to 1 and an entropy decoding for partition type indicating
information of the current subblock is terminated. When the
secondly decoded bit is 1, 1 bit is further entropy-decoded
from the bitstream and it is determined whether partition type
indicating information of the current subblock is 2 or 3 by
using Table 2.

Further, when it is prearranged between the video encoding
apparatus and the video decoding apparatus that partition
types according to another aspect of the present disclosure
shown in FIG. 34 are used, it can be determined whether the
current subblock is split into 4 subblocks by entropy-decod-
ing 1 bit for the partition type indicating information decod-
ing.

Hereinafter, the decoding method according to the aspect
of FIGS. 14A and 14B will be described. A binary bit value
encoded with partition information in the video encoding
apparatus is “101” in the aspect of FIGS. 14A and 14B.

First, 1 bit is extracted and reconstructed from the bit-
stream for reconstructing a layer number of a level 0. Since
the bit extracted from the bitstream is 1, a difference value for
reconstructing the layer number of the level 0is 0. In a case of
the level 0, since there is no higher node, a layer value is
reconstructed by adding a prearranged value 0 between the
video encoding apparatus and the video decoding apparatus
and the reconstructed difference value. In this event, the dif-
ference value is 0 and thus the reconstructed layer value
becomes 0.

Since both the reconstructed layer value and the level value
are 0, a process of decoding the layer number is terminated
and partition type indicating information is decoded.

Since a method of directly expressing a partition type indi-
cating information value with a binary bit when partition type
indicating information is encoded in the aspect of FIGS. 14A
and 14B, the video decoding apparatus also extracts 2 bits
from the bitstream and reconstructs a value in the same way.
Since a binary bit “01” is expressed by an integer “1”, recon-
structed partition type indicating information becomes 1.

When shapes of subblocks of a macroblock are determined
using the reconstructed layer value and partition type indicat-
ing information, all subblocks within the macroblock are
included in a layer 0, so that the subblock has one of subblock
types 64x64, 64x32, 32x64, and 32x32. Further, it can be
derived that the macroblock is split into 2 subblocks of size
64x32 because partition type indicating information is 0.

Hereinafter, a decoding method according to the aspect of
FIGS. 15 and 16 is described. In the aspect of FIG. 16, a
binary bit value encoded with partition information in the
video encoding apparatus is “01111100111001”.

First, 1 bit is extracted and reconstructed from the bit-
stream for reconstructing a layer number of a level 0. Since
the bit extracted from the bitstream is 0, 1 bit is further
extracted and reconstructed from the bitstream. Since the
secondly reconstructed bitis 1, a difference value reconstruc-
tion for the layer number of the level 0 is terminated. Since the
bitstream extracted for the difference value reconstruction is
“01”, the difference value becomes 1, which corresponds to
the number of 0, and a value of 1 generated by adding the
reconstructed difference value 0 and 0 is allocated as the layer
number.

Since the reconstructed layer number O of the level 0 is
larger than the level value 0, 4 child nodes included in a level
1 are generated in the current node.
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1 bit is extracted from the bitstream for reconstructing a
layer number of a first node of the level 1. Since the thirdly
extracted bit is 1, the difference value becomes 0. The layer
number 1 of the first node is reconstructed by adding the
reconstructed difference value and the layer number of the
level O, which is a higher node of the first node of the level 1.
Since the reconstructed layer number 1 of the level 1 and the
level value 1 are equal to each other, a difterence value decod-
ing for a second node of the level 1 is started.

1 bit is extracted from the bitstream for reconstructing a
layer number of the second node of the level 1. Since the
fourthly extracted bit is 1, the difference value becomes 0.
The layer number 1 of the second node is reconstructed by
adding the reconstructed difference value and the layer num-
ber of the level 0, which is a higher node of the second node
of the level 1. Since the reconstructed layer number 1 of the
level 1 and the level value 1 are equal to each other, a differ-
ence value decoding for a third node of the level 1 is started.

1 bit is extracted from the bitstream for reconstructing a
layer number of the third node of the level 1. Since the fifthly
extracted bit is 1, the difference value becomes 0. The layer
number 1 of the third node is reconstructed by adding the
reconstructed difference value and the layer number of the
level 0, which is a higher node of the third node of the level 1.
Since the reconstructed layer number 1 of the level 1 and the
level value 1 are equal to each other, a difterence value decod-
ing for a fourth node of the level 1 is started.

1 bit is extracted from the bitstream for reconstructing a
layer number of the fourth node of the level 1. Since the
sixthly extracted bit is 1, the difference value becomes 0. The
layer number 1 of the fourth node is reconstructed by adding
the reconstructed difference value and the layer number of the
level 0, which is a higher node of the fourth node of the level
1.

Since layer numbers of all nodes included in the level 1 are
reconstructed and there is no node included in a level 2, the
layer number decoding is terminated and the partition type
indicating information decoding for respective nodes of the
lowest level is performed.

In the aspect of FIGS. 15 and 16, since partition type
indicating information is encoded by allocating binary bits
“117, <007, “10”, and “01” to the partition type indicating
information, the video decoding apparatus also reconstructs
partition type indicating information by extracting 2 bits for
respective nodes from the bitstream in the same way.

Since there are 4 nodes included in the level 1 as nodes
included in the lowest level in the aspect of FIGS. 15 and 16,
partition type indicating information is reconstructed by
extracting 2 bits for respective nodes from the bitstream.

Since seventh and eighth bits extracted from the bitstream
correspond to “00”, partition type indicating information for
a first node is 1. Since ninth and tenth bits extracted from the
bitstream correspond to “11”, partition type indicating infor-
mation for a second node is 0. Since eleventh and twelfth bits
extracted from the bitstream correspond to “10”, partition
type indicating information for a third node is 2. Since thir-
teenth and fourteenth bits extracted from the bitstream corre-
spond to “01”, partition type indicating information for a
fourth node is 3.

When shapes of subblocks of a macroblock is determined
using the reconstructed layer value and partition type indicat-
ing information, all subblocks within the macroblock are
included in a layer 1, so that a 64x64 macroblock is split into
4 subblocks of size 32x32 and respective 32x32 subblocks
have one of subblock types 32x32,32x16, 16x32, and 16x16,
which are included in the layer 1.
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Since reconstructed partition type indicating information
of a first subblock is 1, a first 32x32 subblock is split into 2
subblocks of size 32x16. Since reconstructed partition type
indicating information of a second subblock is 0, a second
32x32 subblock is split into 1 subblock of size 32x32. In the
same way, since reconstructed partition type indicating infor-
mation of a third subblock is 2, a third 32x32 subblock is split
into 2 subblocks of size 16x32. Since reconstructed partition
type indicating information of a fourth subblock is 3, a fourth
32x32 subblock is split into 4 subblocks of size 16x16. The
split subblocks are illustrated in FIG. 15.

Hereinafter, a decoding method according to the aspect of
FIGS. 17 and 18 is described. In the aspect of FIG. 18, a
binary bit value encoded with partition information in the
video encoding apparatus is
“01111010111100111010011111011111”.

First, 1 bit is extracted and reconstructed from the bit-
stream for reconstructing a layer number of a level 0. Since
the bit extracted from the bitstream is 0, 1 bit is further
extracted and reconstructed from the bitstream. Since the
secondly reconstructed bitis 1, a difference value reconstruc-
tion for the layer number of the level 0 is terminated. Since the
bitstream extracted for the difference value reconstruction is
“01”, the difference value becomes 1, which corresponds to
the number of 0, and a value of 1 generated by adding the
reconstructed difference value 0 and 0 is allocated as the layer
number.

Since the reconstructed layer number O of the level 0 is
larger than the level value 0, 4 child nodes included in a level
1 are generated in the current node.

1 bit is extracted from the bitstream for reconstructing a
layer number of a first node of the level 1. Since the thirdly
extracted bit is 1, the difference value becomes 0. The layer
number 1 of the first node is reconstructed by adding the
reconstructed difference value and the layer number of the
level O, which is a higher node of the first node of the level 1.
Since the reconstructed layer number 1 of the level 1 and the
level value 1 are equal to each other, a difference value decod-
ing for a second node of the level 1 is started.

1 bit is extracted from the bitstream for reconstructing a
layer number of the second node of the level 1. Since the
fourthly extracted bit is 1, the difference value becomes 0.
The layer number 1 of the second node is reconstructed by
adding the reconstructed difference value and the layer num-
ber of the level 0, which is a higher node of the second node
of the level 1. Since the reconstructed layer number 1 of the
level 1 and the level value 1 are equal to each other, a differ-
ence value decoding for a third node of the level 1 is started.

1 bit is extracted from the bitstream for reconstructing a
layer number of the third node of the level 1. Since the fifthly
extracted bit is 1, the difference value becomes 0. The layer
number 1 of the third node is reconstructed by adding the
reconstructed difference value and the layer number of the
level O, which is a higher node of the third node of the level 1.
Since the reconstructed layer number 1 of the level 1 and the
level value 1 are equal to each other, a difference value decod-
ing for a fourth node of the level 1 is started.

1 bit is extracted from the bitstream for reconstructing a
layer number of the fourth node of the level 1. Since the
sixthly extracted bit is 0, 1 bit is further extracted and recon-
structed from the bitstream. Since the seventhly extracted bit
is 1, the difference value reconstruction for the fourth node of
the level 1 is terminated. Since the bitstream extracted for the
difference value reconstruction is “01”, the difference value
becomes 1, which is the number of 0, and a layer number 2 is
reconstructed by adding the reconstructed difference value
and alayer number 1 of ahigher node. Since the reconstructed
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layer number 2 has a value larger than a level value 1, in which
the current node is included, 4 child nodes are generated for
the fourth node of the level 1. The generated child nodes are
included in a level 2.

Since layer numbers of all nodes included in the level 1 are
reconstructed, layer numbers of nodes included in the level 2
are decoded in the same way.

The nodes included in the level 2 are child nodes of the
fourth node of the level 1, and bits extracted for reconstruct-
ing a first node of the level 2 are “01”, which is an eighth bit
and a ninth bit. Since a difference value between the firstnode
of'thelevel 2 and a layer number 2 ofahighernodeis 1, alayer
number of the current node is 3. In this event, since the
reconstructed layer number 3 is larger than a level value 2, 4
child nodes are generated. However, since the reconstructed
layer value 3 has a maximum value, which can be allocated to
partition layer numbers, as described above, layer numbers
are not decoded for 4 newly generated nodes of a level 3.

Bits extracted for reconstructing a second node to a fourth
node of the level 2 are “111”, which corresponds to a tenth bit
to a twelfth bit. Since difference values of the 3 nodes are all
0, layer numbers of second, third, fourth nodes of the level 2
are 2.

Since layer numbers of all nodes included in the level 2
have been reconstructed and layer numbers of nodes included
inthelevel 3 are not reconstructed, the layer number decoding
is terminated and the partition type indicating information
decoding for respective nodes of the lowest level is per-
formed.

In the aspect of FIGS. 17 and 18, since partition type
indicating information is encoded by allocating binary bits
“117, <007, “10”, and “01” to the partition type indicating
information, the video decoding apparatus also reconstructs
partition type indicating information by extracting 2 bits for
respective nodes from the bitstream in the same way.

Since there are 3 nodes included in the level 1, 4 nodes
included in the level 3, and 3 nodes included in the level 2 as
nodes included in the lowest level in the aspect of FIGS. 17
and 18, partition type indicating information is reconstructed
by extracting 2 bits for respective nodes from the bitstream.

When partition type indicating information is decoded in
the same way as that described through FI1G. 16, bits extracted
for decoding partition types of 3 nodes included in the level 1
are sequentially “00”, “11”, and “10”, so that partition type
indicating information of a first node of the level 1 is 1,
partition type indicating information of a second node of the
level 1 is 0, and partition type indicating information of a third
node of the level 1 is 2.

Since bits extracted for decoding partition types of 4 nodes
included in the level 3 are sequentially “10”, <017, “11”, and
“11”, partition type indicating information of a first node of
the level 3 is 2, partition type indicating information of a
second node of the level 3 is 3, and partition type indicating
information of a third node and a fourth node of the level 3 is
0, respectively.

Since bits extracted for decoding partition types of second
to fourth nodes are sequentially “017, “11”, and “11”, parti-
tion type indicating information of a second node of the level
21s 3, and partition type indicating information of a third node
and a fourth node of the level 2 is 0, respectively.

When shapes of subblocks of a macroblock are determined
by using the reconstructed layer value and partition type
indicating information, layer numbers of subblocks within
the macroblok have values equal to or larger than 1, so that a
64x64 macroblock is split into 4 subblocks of size 32x32.
Since layer numbers of first to third nodes of the level 1 are 1,
first to third 32x32 subblocks within the macroblock have one
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of subblock types 32x32, 32x16, 16x32, and 16x16, which
are included in the layer 1, respectively. Since reconstructed
partition type indicating information of the first 32x32 sub-
block s 1, the first 32x32 subblock is split into 2 subblocks of
size 32x16. Since reconstructed partition type indicating
information of the second 32x32 subblock is 0, the second
32x32 subblock is split into 1 subblock of size 32x32. In the
same way, since reconstructed partition type indicating infor-
mation of the third 32x32 subblock is 2, the third 32x32
subblock is split into 2 subblocks of size 16x32.

Since a reconstructed layer number of a fourth node of the
level 1 corresponding to a fourth 32x32 subblock is 2, the
fourth 32x32 subblock is plit into 4 subblocks of size 16x16,
and 16x16 subblocks having a layer number larger than 2
among the split 16x16 subblocks corresponding to 4 nodes of
the level 2 are split one more time to have a higher layer. Here,
since a reconstructed layer number of a first node of the level
2 is 3, the first 16x16 subblock is split into 4 subblocks of size
8x8 again.

Thereafter, subblock types of respective subblocks are
determined according to partition type indicating information
of the respective subblocks, which illustrated in FIG. 17.

B-2-2-3) Partition Information Decoding Method 3

Hereinafter, a decoding method according to the third
method of encoding the partition information is described.

According to the third method, block partition information
can be decoded by decoding partition layer values and parti-
tion flags.

Partition layer values are first extracted and reconstructed
from the bitstream and then a macroblock is splitaccording to
the partition layer value. For example, when a macroblock
size is NxN and the reconstructed partition layer value is x,
the macroblock is split into

N

N

X
%

subblocks.

Thereafter, when a partition flag reconstructed by extract-
ing and reconstructing the partition flag from the bitstream
has a value (e.g. 0) indicating that all

N

%

N

XZX

subblocks within the macroblock are not split into smaller
subblocks, a macroblock partition information decoding is
terminated.

When the partition flag has a value (e.g. 1) indicating that
one or more

N

%

N

%

subblocks within the macroblock are split into smaller sub-
blocks, partition layer value and partition flags of respective
subblocks are extracted and reconstructed from the bitstream
according to a raster scan order in the same way.
Hereinafter, a decoding method of the aspect of FIG. 20 is
described. In the aspect of FIG. 20, the partition layer value
and partition flag encoded with partition information in the
video encoding apparatus are {1,1,0,2,0,1,1,0,0,0,2,3}.
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A partition layer value is first extracted from the bitstream,
and a partition layer value 1 and a partition flag 1 are decoded.
Since the partition layer value is 1, a 64x64 macroblock is
split into 4 subblocks of size 32x32.

Since the decoded partition flag is 1, a partition layer value
and a partition flag are continuously decoded for each 32x32
subblock.

Since a partition layer value of a first 32x32 subblock is O,
it can be derived that the first 32x32 subblock is not split into
smaller subblocks. In this event, a partition flag is not decoded
from the bitstream.

A partition layer value of a second 32x32 subblock is
extracted and decoded from the bitstream. Since the recon-
structed partition layer value is 2, the 32x32 subblock is split
into 16 subblocks of size 8x8 and a partition flag is subse-
quently extracted and decoded from the bitstream. Since the
reconstructed partition flag is 0, it can be derived that the 16
subblocks within the second 32x32 subblock are not split into
smaller subblocks and a partition layer value of a third 32x32
subblock is extracted and decoded from the bitstream.

Since the reconstructed partition layer value is 1, the 32x32
subblock is split into 4 subblocks of size 16x16 and a partition
flag is decoded from the bitstream. Since the decoded parti-
tion flag is 1, it can be derived that one or more 16x16
subblocks are split into smaller subblocks and a partition
layer value and a partition flag are decoded for each 16x16
subblock.

In the same way, the partition layer value is extracted and
reconstructed from the bitstream for each 16x16 subblock.
Then, when the partition layer value is not 0, a partition flag is
extracted and reconstructed from the bitstream.

It can be derived from the above described aspect that
partition layer values of first to third 16x16 subblocks are all
0 and the partition layer value of the fourth 16x16 subblock is
2.

Since the partition layer value of the fourth 16x16 subblock
is 2, the 16x16 subblock is split into 16 subblocks of size 4x4.
However, in this event, a partition flag is not decoded because
each 4x4 subblock cannot be split into smaller subblocks
although the reconstructed layer value is not 0.

Thereafter, the partition layer value of the fourth 32x32
subblock is extracted and decoded from the bitstream. In this
event, since the reconstructed partition layer value is 3, the
32x32 subblock is split into 64 subblocks of size 4x4, and the
partition information decoding is terminated because a split
subblock size is a minimum block size.

The aforementioned partition layer value and partition flag
are extracted and decoded from the bitstream, and the parti-
tion layer value is decoded by using a prearranged method
between the video encoding apparatus and the video decod-
ing apparatus among various binary coding methods such as
a unary code, a truncated unary code, an Exp-Golomb code,
etc.

Alternatively, the partition layer value can be decoded by
using methods such as a binary arithmetic coding, a Huffman
coding, etc.

Alternatively, an index value of a prearranged table
between the video encoding apparatus and the video decod-
ing apparatus can be decoded by using the aforementioned
various binary encoding/decoding methods.

The partition flag is used for determining whether the cur-
rent subblock is split into smaller subblocks by extracting and
decoding 1 bit from the bitstream.

B-2-2-4) Partition Information Decoding Method 4

Hereinafter, a decoding method according to the fourth
method of encoding the partition information is described.
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The fourth method of decoding the partition information is
similar to the first method of decoding the partition informa-
tion. However, partition type indicating information is con-
tinuously extracted and decoded from the bitstream until
partition type indicating information of all subblocks has a
value (e.g. 0) indicating that the subblock is not split into
smaller subblocks or a size of a subblock split from the
current block according to partition type indicating informa-
tion is a minimum subblock size.

Hereinafter, a decoding method according to the aspect of
FIGS. 21 and 22 is described. According to the aspect of FIG.
22, partition type indicating information encoded with parti-
tion information in the video encoding apparatus is {1, 1, 0, 0,
2,0,0}.

Since firstly reconstructed partition type indicating infor-
mation is 1, a 64x64 macroblock is split into 2 subblocks of
size 64x32 (L1-P0 and [.1-P1), and partition type indicating
information of a first 64x32 subblock is extracted and recon-
structed from the bitstream.

Since secondly reconstructed partition type indicating
information is 1, the 64x32 subblock is split into 2 subblocks
of size 64x16 (1.2-P0 and [.2-P1), and partition type indicat-
ing information of a first 64x16 subblock (I.2-P0) is extracted
and reconstructed from the bitstream.

Since thirdly reconstructed partition type indicating infor-
mation is 0, the 64x16 subblock corresponding to the 1.2-PO
subblock is not split into smaller subblocks, and partition type
indicating information of the subblock [.2-P1, which is a
subsequent subblock of the L.2-P0 subblock, is extracted and
reconstructed from the bitstream.

Since fourthly reconstructed partition type indicating
information is 0, the 64x16 subblock is not split into smaller
subblocks. Since partition information of subblocks included
in the .2 has been all reconstructed, partition type indicating
information of the L.1-P1 subblock is extracted and recon-
structed from the bitstream.

Since fifthly reconstructed partition type indicating infor-
mation is 2, the 64x32 subblock corresponding to the L.1-P1
subblock is split into 2 subblocks of size 32x32 (1.2-P0 and
L2-P1), and partition type indicating information of a first
32x32 subblock (I1.2-P0) is extracted and reconstructed from
the bitstream.

Since sixthly reconstructed partition type indicating infor-
mation is 0, the 32x32 subblock corresponding to the 1.2-P0O
subblock is not split into smaller subblocks, and partition type
indicating information of the subblock [.2-P1, which is a
subsequent subblock of the L.2-P0 subblock, is extracted and
reconstructed from the bitstream.

Since seventhly reconstructed partition type indicating
information is 0, the 32x32 subblock corresponding to the
L2-P1 subblock is not split into smaller subblocks. Since
block types of all subblocks within the macroblock have been
determined, the partition information decoding is terminated.

In this event, the partition type indicating information is
entropy-decoded by a method prearrange between the video
encoding apparatus and the video decoding apparatus among
lossless compression encoding/decoding methods such as a
binary arithmetic coding, a Huffman coding, etc.

Further, an actual partition type indicating information
value can be decoded by using various binary coding methods
such as a unary code, a truncated unary code, Exp-Golomb
code, etc.

In addition, the video decoding apparatus performs an
entropy decoding by using Tables 1 and 2 according to layer
numbers of partition type indicating information when the

10

15

20

25

40

45

50

55

60

42

video encoding apparatus uses a binary arithmetic coding,
uses Table 1 in a case where a layer number is equal to or
smaller than

Ing(%)s

and uses Table 2 in a case where the layer number is larger
than

logz(%)

as the partition type indicating information encoding method.

For example, when partition type indicating information
included in a layer 1 is entropy-decoded for a 64x64 macrob-
lock, 2 bits are entropy-decoded and then partition type indi-
cating information is obtained using Table 1.

When partition type indicating information included in a
layer 3 is entropy-decoded for the 64x64 macroblock, Table 2
isused. First, 1 bit is entropy-decoded. Then, when a decoded
binary bitis 1, partition type indicating information is set to 0
and a partition type indicating information entropy decoding
of the current subblock is terminated. When the decoded
binary bit is not 1, 1 bit is further entropy-decoded from the
bitstream. When a secondly decoded bit is 0, partition type
indicating information of the current subblock is set to 1 and
an entropy decoding for partition type indicating information
of the current subblock is terminated. When the secondly
decoded bit is 1, 1 bit is further entropy-decoded from the
bitstream and it is determined whether partition type indicat-
ing information of the current subblock is 2 or 3 by using
Table 2.

Further, when it is prearranged between the video encoding
apparatus and the video decoding apparatus that partition
types according to another aspect of the present disclosure
shown in FIG. 34 are used, it can be determined whether the
current subblock is split into 4 subblocks by entropy-decod-
ing 1 bit for the partition type indicating information decod-
ing.

B-2-3) Decoding Flowchart

FIG. 25 is a flowchart for illustrating a video decoding
method according to another aspect of the present disclosure.

According to the video decoding method according to
another aspect of the present disclosure, the video decoding
apparatus 2400 reconstructs partition information of a current
block by decoding partition information data from the bit-
stream by using the decoding methods according to the afore-
mentioned aspects in step S2510, and reconstructs the current
block split into a plurality of subblocks by performing a
predictive encoding on encoded image data extracted from
the bitstream according to partition information of the recon-
structed current block in step S2520.

As described above, according to another aspect of the
present disclosure, even when a macroblock having a block
size equal to or larger than a size 16x16 is split into various
sizes of subblocks, the compression efficiency can be
improved by encoding macroblock partition information with
the small number of bits by using a partition type for each
layer or a partition layer value.

C) Maximum Partition Layer Information Encoding and
Decoding

Hereinafter, as another aspect of the present disclosure, an
apparatus and a method for determining a maximum partition
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layer indicating the number of layers by which a macroblock
having an arbitrary size can be maximally split in order to
efficiently partition information, splitting the macroblock
into a plurality of subblocks for the prediction or the trans-
form by using the determined maximum partition layer, and
then efficiently encoding and decoding partition information
by using the maximum partition layer are described. Here, an
available minimum subblock size within the macroblock can
be determined by the maximum partition layer, and an image
is encoded by using only subblocks having a size equal to or
larger than a corresponding size in encoding the macroblock.

The maximum partition layer may be information indicat-
ing a minimum subblock size which can be used for the
prediction or the transform and encoded in the sequence
header, the header of each picture, the slice header, or the
macroblock header. Further, maximum partition layer infor-
mation for the prediction and maximum partition layer infor-
mation for the transform may be encoded, respectively.

In addition, partition information may be information indi-
cating sizes and shapes of subblocks split for the prediction or
the transform. The partition information and encoded image
data are included in the bitstream and encoded, and then
transmitted to the video decoding apparatus. Furthermore,
partition information for the prediction and partition infor-
mation for the transform may be encoded, respectively.

In the decoding, sizes and shapes of subblocks are recon-
structed by extracting and decoding maximum partition layer
data from the bitstream and then extracting and decoding
partition information of the subblocks for the prediction or
the transform by using the reconstructed maximum partition
layer. Thereafter, an image is reconstructed through the pre-
diction or the inverse transform by extracting and reconstruct-
ing encoded data of respective subblocks from the bitstream.

C-1) Video Encoding Apparatus

C-1-1) Encoding Apparatus

FIG. 26 is a schematic block diagram for illustrating a
video encoding apparatus according to yet another aspect of
the present disclosure.

The video encoding apparatus 2600 according to yet
another aspect of the present disclosure may include a video
encoder 2610, a maximum partition layer determiner 2620,
and a maximum partition layer encoder 2630.

The video encoder 2610 can be implemented as the video
encoding apparatus 800 according to an aspect of the present
disclosure described through FIG. 8. That is, the video
encoder 2610 generates encoded partition information and
image data by performing a predictive encoding by using
subblocks according to predetermined partition types of a
macroblock. In this event, the video encoder 2610 can deter-
mine partition types by using a minimum subblock size
according to a maximum partition layer value determined by
the maximum partition layer determiner 2620 in determining
partition types of the macroblock. Further, the video encoder
2610 encodes partition information by using a maximum
partition layer in encoding partition information.

The maximum partition layer determiner 2620 determines
a partition type of a current block by using a minimum sub-
block size according to maximum partition layer value can-
didates, and determines a maximum partition layer value of
the current block by using an encoding cost generated in an
encoding. In this event, a partition type of the current block is
determined by using the minimum subblock size according to
the maximum partition layer value candidates, and the encod-
ing cost generated in the encoding can be calculated by the
maximum partition layer determiner 2620 itself. However, if
the maximum partition layer determiner 2620 designates the
maximum partition layer value candidates, the video encoder
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2610 determines the partition type of the current block by
using the minimum subblock size according to a correspond-
ing partition layer value candidate, calculates encoding costs
generated in the encoding to transmit the encoding costs to the
maximum partition layer determiner 2620. Then, the maxi-
mum partition layer determiner 2620 can determine the maxi-
mum partition layer value of the current block by using the
transmitted encoding costs. Once the maximum partition
layer value of the current block is determined, the video
encoder 2610 includes an image already encoded into the
corresponding maximum partition layer value in the bit-
stream. A method in which the maximum partition layer
determiner 2620 determines the maximum partition layer
value and accordingly determines the minimum subblock
size will be discussed in the following description in detail.

The maximum partition layer encoder 2630 generates
encoded maximum partition layer data by encoding the maxi-
mum partition layer value, and includes the generated data in
the bitstream.

C-1-2) Relation Between Partition Layer and Minimum
Subblock Size

The macroblock size, the minimum subblock size, and
maximum partition layer (MaxLayer) corresponding to a
layer value, which can be maximally used, can be set by using
each other.

That is, the macroblock size can be obtained using the
maximum partition layer (MaxLayer) and the minimum
block size, and the minimum subblock size can be obtained
using the macroblock size and the maximum partition layer.

When the minimum subblock size is NxN, the maximum
block size (Nx2MaxLayer)x(Nx2MaxLayer). In a case of the
macroblock of a NxN pixel, the minimum block size is (N/
(2MaxLayer))x(N/(2MaxLayer)).

FIG. 27 is an exemplary diagram for illustrating the rela-
tion between the partition layer and the minimum subblock
size according to yet another aspect of the present disclosure.

Referring to FIG. 27, when a macroblock size is MxN and
a partition layer value is X, an available minimum subblock
size is

N N

%

2%

For example, when a partition layer value of a macroblock
having a block size 0f 64x64, an available minimum subblock
size is 4x4. Here, the partition layer value is differently
applied for a width and a height, that is, M and N of the
macroblock having the block size of MxN.

Accordingly, the maximum partition layer determiner
2620 can determine a minimum subblock size by determining
a maximum partition layer value for the macroblock. For this
purpose, the maximum partition layer determiner 2620 cal-
culates encoding costs for candidate partition layer values and
can determine a maximum layer value by using the encoding
costs for the candidate partition layer values. Hereinafter, a
method of determining a maximum partition layer value for
the macroblock is described based on an assumption that a
macroblock size is MxN (M is an integer equal to or larger
than 16).

C-1-3) Maximum Partition Layer Determining Method

FIG. 28 is a flowchart for illustrating an example of a
method of determining a maximum partition layer value
according to yet another aspect of the present disclosure.

The maximum partition layer determiner 2620 sets an ini-
tial value of x, which is a maximum partition layer value
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candidate, to log,(M/16) in step S2810, determines a partition
type of the macroblock by using a minimum subblock size
(M/2)x(M/27) when the maximum partition layer value can-
didate is x and calculates encoding costs (hereinafter, referred
to as “xcost”) when one frame (arbitrary frame) of an image
is encoded according to the determined partition type in step
S2820, determines a partition type of the macroblock by
using a minimum subblock size (M/2%*!)x(M/2**!') when the
maximum partition layer value candidate is x+1 and calcu-
lates encoding costs (hereinafter, referred to as “x+1 cost™)
when the arbitrary frame is encoded in step S2830, and com-
pares xcost and x+1 cost to determine whether xcost is
smaller than x+1 cost in step S2840.

As a result of the determination of step S2840, when xcost
is smaller than x+1 cost, the maximum partition layer deter-
miner 2620 determines X as the maximum partition layer
value in step S2850. As a result of the determination of step
S2840, when xcost is equal to or larger than x+1 cost, the
maximum partition layer determiner 2620 determines
whether x+1 is log,(M/4) in step S2860. When x+1 is not
log,(M/4), the maximum partition layer determiner 2620 sets
x to x+1 in step S2870 and proceeds to step S2820. When x+1
is log,(M/4), the maximum partition layer determiner 2620
determines x+1 as the maximum partition layer value in step
S2880.

FIG. 29 is a flowchart for illustrating another example of
the method of determining the maximum partition layer value
according to another aspect of the present disclosure.

The maximum partition layer determiner 2620 sets an ini-
tial value of x, which is a maximum partition layer value
candidate, to log,(M/16) in step S2910, determines a partition
type of the macroblock by using a minimum subblock size
(M/25)%x(M/2¥) when the maximum partition layer value can-
didate is x and calculates encoding costs (hereinafter, referred
to as “xcost”) when one frame (arbitrary frame) of an image
is encoded according to the determined partition type in step
S2920, determines a partition type of the macroblock by
using a minimum subblock size (M/2%*!)x(M/2**!) when the
maximum partition layer value candidate is x+1 and calcu-
lates encoding costs (hereinafter, referred to as “x+1 cost™)
when the arbitrary frame is encoded in step S2930, and com-
pares xcost and x+1 cost to determine whether xcost is
smaller than x+1 cost in step S2940.

As aresult of the determination of step S2940, when xcost
is equal to or larger than x—1 cost, the maximum partition
layer determiner 2620 sets x to x-1 in step S2950 and pro-
ceeds to step S2920. When xcost is smaller than x—1 cost, the
maximum partition layer determiner 2620 determines x as the
maximum partition layer value in step S2960.

The maximum partition layer determiner 2620 can deter-
mine the maximum partition layer value by using not only the
methods described through FIGS. 28 and 29 but also other
methods. That is, as yet another example of determining the
maximum partition layer value, the maximum partition layer
determiner 2620 calculates an encoding cost for each maxi-
mum partition layer value candidate available for the mac-
roblock and can determine a maximum partition layer value
candidate having a smallest encoding cost as the maximum
partition layer value by comparing calculated encoding costs
with each other.

C-1-4) Partition Information Encoding Method

Hereinafter, a method of encoding partition information by
using the maximum partition layer value according to yet
another aspect of the present disclosure is described.

As described above, once the maximum partition layer
value, which indicates the total number of layers, is deter-
mined, partition layers available in the macroblock are deter-
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mined. However, layers, which are not used, may exist in the
determined available partition layers. In this event, it may be
unnecessary to encode partition type indicating information
for the layers, which are not used.

Therefore, according to yet another aspect of the present
disclosure, information on partition layers selected to be used
among available partition layers determined by the maximum
partition layer value can be included in the bitstream, and
partition information of the current block can be encoded
using only the selected partition layers when information on
whether respective layers are available is transmitted to the
bitstream. In the method of encoding block partition infor-
mation, the aforementioned various partition information
encoding methods can be used.

When a macroblock size is 64x64 and a maximum parti-
tion layer value is 2, layers 0 and 1 are available layers and
layers 2 and 3 are not available layers. Accordingly, the mac-
roblock can be split into subblocks of sizes 64x64, 64x32,
32x64, and 32x32, which correspond to a subblock type
included in the layer 0, and subblocks of sizes 32x32, 32x16,
16x32, and 16x16, which correspond to a subblock type
included in the layer 1. However, the macroblock cannot be
split into subblocks of sizes 16x8, 8x16, 8x8, 8x4, 4x8, and
4x4, which correspond to subblock types included in the
layers 2 and 3. That is, respective 16x16 subblocks cannot be
split into smaller subblocks.

In this event, the number of bits required for a partition
information encoding can be reduced by transmitting the
maximum partition layer value to the bitstream and using the
maximum partition layer value. The video decoding appara-
tus extracts and reconstructs the maximum partition layer
value form the bitstream, sets all higher layers of the recon-
structed maximum partition layer as available layers, and sets
lower layers of the reconstructed maximum partition layer as
unavailable layers. Then, the video decoding apparatus
decodes partition information by using the set information.

Alternatively, when types of subblocks included in a spe-
cific layer are not used, a macroblock of, for example, size
64x64 is split into 4 subblocks of size 32x32. When respec-
tive 32x32 subblocks are all split into subblocks having a size
equal to or smaller than a size 16x16, it can be derived that
subblock types of subblocks included in the layer 1 are not
used, and the layer 1 can be selected as the unavailable layer.

In this event, it is possible to reduce the number of bits
required for the partition information encoding by encoding
information on whether respective layers are available into
the bitstream. The video decoding apparatus extracts and
reconstructs the information on whether respective layers are
available from the bitstream, and then decodes partition infor-
mation by using the reconstructed information on whether the
respective layers are available.

As described above, according to yet another aspect of the
present disclosure, partition information can be encoded by
encding athe maximum partition layer value into the bit-
stream and using only available partition layers determined
by the maximum partition layer value.

Alternatively, the partition information can be encoded by
including and encoding information on whether respective
layers are available among available partition layers deter-
mined by the maximum partition layer value into the bit-
stream and using only available partition layers.

The maximum partition layer value and/or flag information
on whether respective partition layers are available can be
included and encoded in the sequence header, the header of
each picture, or the slice header.

In this event, the maximum partition layer value can be
encoded by using a lossless compression coding such as a
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binary arithmetic coding, a Huffman coding, etc, and various
binary coding methods such as a unary code, a truncated
unary code, an Exp-Golomb code, etc.

In the method of encoding the information indicating
whether respective layers are available, a flag having a 1 bit
length indicating whether each layer is available can be
encoded by using methods such as a binary arithmetic coding,
a Huffman coding, etc.

Alternatively, an index of a table in which information
indicating whether respective layers are available is arranged
can be encoded. In this event, the index of the table can be
encoded by using various binary coding methods such as a
unary code, a truncated uary code, an Exp-Golomb code, etc.

Alternatively, a layer flag for a used layer is set to 1, a layer
flag for a not-used layer is set to 0, and an integer value
allowing a Least Significant Bit (LSB) to indicate whether a
highest layer is available. Then, the generated integer value
can be encoded by using various binary coding methods such
as a unary code, a truncated unary code, an Exp-Golomb
code, etc.

Further, the integer value can be generated by setting a
layer flag for a used layer to 0, a layer flag for a not-used layer
to 1, and allowing the Least Significant Bit (LSB) to indicate
whether the highest layer is available.

FIG. 30 is an exemplary diagram for illustrating a process
of encoding partition information of the current block by
using only selected partition layers according to yet another
aspect of the present disclosure. FIG. 30 illsutrates an
example of encoding partition information of the block by
encoding the maximum partition layer and/or information
indicating whether respective layers are available, encoding
the maximum partition layer value and data (Layer Flag)
indicating whether respective layers are available by using the
information through various methods of encoding partition
information, and then encoding partition type indicating
information by using the information.

In FIG. 30, when it is assumed that a macroblock size is
64x64, a maximum partition layer is 4, layers 0 and 3 are
available, and layers 1 and 2 are not available, the macroblock
can be split into subblocks of sizes 64x64, 64x32,32x64, and
32x32, which correspond to a subblock type included in the
layer 1. When the macroblock is split into subblocks of size
32x32, each 32x32 subblock can be split into subblocks of
sizes 8x8, 8x4, 4x8, and 4x4, which correspond to a subblock
type included in the layer 3. That is, when the 32x32 subblock
is split according to partition type indicating information
shown in FIG. 10, the 32x32 subblock is split into 16 sub-
blocks of size 8x8.

After a maximum partition layer value 4 is first encoded by
using the aforementioned method of encoding the maximum
partition layer value, a layer flag for a used layeris setto 1, a
layer flag for a not-used layer is set to 0, and a 1 bit flag
indicating whether each layer is available is encoded. Accord-
ing to the aspect of FIG. 30, an available layer flag is encoded
into “1001” from a higher layer to a lower layer.

Thereafter, macroblock partition information is encoded
by using the aforementioned various partition information
encoding methods. The aspect of FIG. 30 shows a method
using the partition type indicating information encoding
method, which is the first method among partition informa-
tion encoding methods, based on subblock types shown in
FIG. 10.

Here, when a NxN block of a layer number K is split into
4 subblocks, a method of allocating a layer number to the split
subblocks is different depending on whether respective layers
are available. If a layer K+1 is available, a layer number K+1
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is allocated to the subblocks. If the layer K+1 is not available,
the layer number K is allocated to the subblocks.

For example when a macroblock size is 64x64, a 32x32
subblock can be determined as a subblock type included in a
layer O or determined as a subblock type included ina layer 1.
In this event, when the layer 1 is an available layer, the 32x32
subblock is allocated a layer number 1. When the layer 1 is not
available, the 32x32 subblock is allocated a layer number O.

Since the macroblock is split into 4 subblocks, partition
type indicating information 3 is first encoded and partition
type indicating information of the 4 subblocks of size 32x32
is encoded.

Since a first 32x32 subblock (L0-PO) is not split, partition
type indicating information 0 is encoded, and partition type
indicating information of a second 32x32 subblock (LO-P1)is
encoded.

Since the second 32x32 subblock (LO-P1) is split into 16
subblocks of size 8x8 (L2-P0 to L.2-P14), partition type indi-
cating information 3 is encoded. Here, the 8x8 subblock may
be a 8x8 block included in a layer 2 and or may be a subblock
included in layer 3, and a layer number 3 is allocated because
the layer 2 is not available.

Thereafter, partition type indicating information of 16 sub-
blocks of size 8x8 within the LLO-PO subblock is all encoded,
and partition type indicating information of a third 32x32
subblock (L.O-P2) is encoded.

Since the third 32x32 subblock (L0-P2) is split into 16
subblocks of size 8x8 (L2-P0 to L.2-P15), partition type indi-
cating information 3 is encoded, partition type indicating
information of 16 subblocks of size 8x8 within the LO-P2
subblock is all encoded, and partition type indicating infor-
mation 0 of a fourth 32x32 subblock (L0-P2) is encoded.

Accordingly, the video encoding apparatus 2600 according
to yet another aspect of the present disclosure can encode
partition information of a corresponding macroblock by
encoding layer flags and partition type indicating information
for partition numbers for respective layers.

C-1-5) Encoding Flowchart

FIG. 31 is a flowchart for illustrating a video encoding
method according to yet another aspect of the present disclo-
sure.

According to the video encoding method according to yet
another aspect of the present disclosure, the video encoding
apparatus 2600 generates a maximum partition layer and/or
data indicating whether respective partition layers are avail-
able by determining and encoding a maximum partition layer
value and/or information indicating whether the respective
partition layers are available in step S3110, performing a
predictive encoding on a current block by using a minimum
subblock size determined according to a maximum partition
layer value and subblocks determined according to whether
respective layers are available in step S3120, and generates an
encoded maximum partition layer and/or a bitstream includ-
ing data indicating whether respective layers are available and
encoded image data in step S3130. The bitstream generated as
described above is transmitted to the video decoding appara-
tus and decoded.

The video encoding apparatus 2600 can determine a maxi-
mum partition layer value by using encoding costs for maxi-
mum partition layer value candidates in step S3110. The
video encoding apparatus 2600 can determine the maximum
partition layer value by increasing or decreasing values of the
maximum partition layer value candidates. Futhere, the video
encoding apparatus 2600 can determine a maximum partition
layer value candidate having the smallest encoding cost as the
maximum partition layer value by comparing encoding costs
of respective maximum partition layer value candidates.
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C-2) Decoder

C-2-1) Block Diagram and Description of Video Decoding
Apparatus

FIG. 32 is a schematic block diagram for illustrating a
video decoding apparatus according to yet another aspect of
the present disclosure.

The video decoding apparatus 3200 according to yet
another aspect of the present disclosure may include a maxi-
mum partition layer decoder 3210 and a video decoder 3220.

The maximum partition layer decoder 3210 decodes
encoded maximum partition layer data extracted from the
bitstream to reconstruct a maximum partition layer value.

The video decoder 2420 may be equally or similarly con-
structed to the video decoding apparatus according to an
aspect of the present disclosure described with reference to
FIG. 7. However, the video decoder 3220 according to yet
another aspect of the present disclosure performs a predictive
decoding on encoded image data extracted from the bistream
by using a minimum subblock size based on the maximum
partition layer value reconstructed by the maximum partition
layer decoder 3210, to reconstruct a current block.

C-2-2) Partition Information Decoding Method

Hereinafter, a method of decoding partition information by
using a maximum partition layer value according to yet
another aspect of the present disclosure is described.

The video decoding apparatus extracts a maximum parti-
tion layer representing the total number of layers and/or data
indicating whether each layer is available from a prearranged
position between the video decoding apparatus and the video
encoding apparatus among a sequence header, a header of
each picture, or a slice header of the bitstream, and then
decodes partition information of each block by using the
extracted information through the aforementioned various
partition information decoding methods.

In a method of decoding the maximum partition layer
and/or information on available layers, maximum partition
layer data is first extracted and decoded from the bitstream,
and data indicating whether each layer is available, available
subblock types, and a minimum subblock size according to
the data indicating whether each layer is available are
extracted by using the decoded maximum partition layer
value. For example, when a macroblock size is 64x64 and a
maximum partition layer value extracted and reconstructed
from the bitstream is 3, layers 0, 1, and 2 are set as available
layers and a layer 3 is set as an unavailable layer. The mac-
roblock can be split into subblocks of sizes 64x64, 64x32,
32x64, and 32x32, which correspond to a subblock type
included in the layer 0, subblocks of sizes 32x32, 32x16,
16x32, and 16x16, which correspond to a subblock type
included in the layer 1, and subblocks of sizes 16x16, 16x8,
8x16, and 8x8, which correspond to a subblock type included
in the layer 2. However, the macroblock cannot be split into
subblocks of sizes 8x4, 4x8, and 4x4, which corresponds to a
subblock type included in the layer 3. That is, respective 8x8
blocks cannot be split into smaller subblocks. In this event, an
available minimum subblock size is determined as a size 8x8.

Alternatively, after the maximum partition layer data is
extracted and reconstructed from the bistream, the data indi-
cating whether each layer is available, which corresponds to
the number of layers determined by the reconstructed maxi-
mum partition layer value, is extracted and decoded from the
bitstream. Then, available subblock types and a minimum
subblock size are extracted according to the reconstructed
maximum partition layer value and the availability of each
layer.

For example, when a macroblock size is 64x64 and a
maximum partition layer value extracted and reconstructed
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from the bitstream is 3, data indicating whether 3 layers are
available is extracted and decoded from the bitstream. When
the reconstructed data indicating whether each layer is avail-
able means that the layers 0 and 2 are available and the layer
1 is not available, the macroblock can be split into subblocks
of'sizes 64x64, 64x32, 32x64, and 32x32, which correspond
to a subblock type included in the layer 0, and subblocks of
sizes 16x16, 16x8, 8x16, and 8x8, which correspond to a
subblock type included in the layer 2. However, the macrob-
lock cannot be split into subblocks of sizes 32x32, 32x16,
16x32, and 16x16, which correspond to a subblock type
included in the layer 1, and subblocks of sizes 8x4, 4x8, and
4x4, which corresponds to a subblock type included in the
layer 3.

Alternatively, the video decoding apparatus determines a
maximum partition layer value by using a minimum subblock
size and a prearranged macroblock size between the video
decoding apparatus and the video encoding apparatus and
extracts and decodes data indicating whether respective lay-
ers are available, which corresponds to the number of layers
determined by the maximum partition layer value, from the
bitstream, to determine available subblock types according to
the reconstructed data indicating whether the respective lay-
ers are available. For example, when the prearranged mac-
roblock size between the video encoding apparatus and the
video decoding apparatus is 32x32 and the minimum sub-
block size is 8x8, the number of maximum partition layers is
2. Accordingly, data indicating whether the 2 layers are avail-
able is extracted and decoded from the bitstream. When the
reconstructed data indicating whether the respective layers
are available means that the layer 0 is not available and the
layer 1 is available, the macroblock can have only block types
of 16x16, 16x8, 8x16, and 8x8, which correspond to sub-
block types included in the layer 1. Therefore, in decoding
partition information of the macroblock, the macroblock is
split into 4 subblocks of size 16x16 and only each 16x16
partition information is extracted and decoded from the bit-
stream.

In this event, the maximum partition layer value can be
decoded by using a prearranged method between the video
encoding apparatus and the video decoding apparatus among
methods such as a binary arithmetic coding, a Huffman cod-
ing, etc.

Alternatively, the maximum partition layer value can be
decoded by using methods such as a unary code, a truncated
unary code, an Exp-Golomb code, etc.

In a method of decoding information indicating whether
each layer is available, data indicating whether each layer is
available can be decoded by using a prearranged method
between the video encoding apparatus and the video decod-
ing apparatus among methods such as a binary arithmetic
coding, a Huffman coding, etc.

Alternatively, an index of a table showing whether respec-
tive layers are used is decoded by using methods such as a
unary code, truncated unary code, an Exp-Golomb code, etc.,
and a fact indicating whether the respective layers are used
can be extracted by using a prearranged table between the
video encoding apparatus and the video decoding apparatus.

Alternatively, an integer value is decoded by using meth-
ods such as a unary code, truncated unary code, an Exp-
Golomb code, etc., and the decoded integer value can be
decoded by representing the integer value into a binary bit
having a maximum partition layer value as the number of bits.

Hereinafter, a decoding method according to an aspect of
FIG. 30 is described.

According to the aforementioned aspect of FIG. 30, in data
encoded with partition information in the video encoding
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apparatus, maximum partition information is 4, a layer flag
indicating whether respective layers are used is “1001”, and
partition type indicating information is {3, 0, 3,0, 0,0, 0, 0, 0,
0,0,0,0,0,0,0,0,0,0,3,2,0,0,0,0,0,0,0,0,0,0,0,0,0,
0,0,0}.

The video decoding apparatus extracts and decodes maxi-
mum partition layer data from the bitstream, and reconstructs
a maximum partition layer value 4. Since the maximum par-
tition layer is 4, a flag (layer flag) indicating whether 4 layers
are available is reconstructed. Layer_Flag of the layer O is
decoded by extracting and decoding 1 bit from the bitstream.
After a flag indicating whether the layer 0 is available is
reconstructed, Layer_Flagof'the layers 1, 2, and 3 is extracted
and decoded from the bitstream in the same way. Since the
reconstructed Layer_Flag ofthe layer Ois 1, the reconstructed
Layer_Flag of the layer 1 is 0, the reconstructed Layer_Flag
of the layer 2 is 0, and the reconstructed Layer_Flag of the
layer 3 is 1, the layers 0 and 3 are set as available layers and
the layers 1 and 2 are set as unavailable layers. Then, the
information is used for decoding partition information of the
macroblock.

Since firstly reconstructed partition type indicating infor-
mation is 3, the macroblock is split into 4 subblocks of size
32x32, and partition type indicating information of each
32x32 subblock is extracted and decoded from the bitstream.

Here, when a NxN block of a layer number K is split into
4 subblocks, a method of allocating a layer number to the split
subblocks is different depending on whether respective layers
are available. If a layer K+1 is available, a layer number K+1
is allocated to the subblocks. If the layer K+1 is not available,
the layer number K is allocated to the subblocks.

According to the aspect of FIG. 30, 32x32 subblocks split
from the macroblock correspond to a subblock type which
can be included both the layer 0 and the layer 1, but a layer
number of the 32x32 subblock is 0 because the layer 1 is not
available.

Since secondly reconstructed partition type indicating
information is 0, a subblock type of a first 32x32 subblock
(LO-PO) within the macroblock is 32x32. Since partition type
indicating information of the first 32x32 subblock is not 3,
partition type indicating information of a second 32x32 sub-
block (1.L0-P1) is decoded.

Since thirdly reconstructed partition type indicating infor-
mation is 3 and the layers 1 and 2 are not available, the L.0O-P1
subblock is split into 16 subblocks (L.3-P0 to .3-P15) of size
8x8, and partition type indicating information of each 8x8
subblock is extracted and decoded from the bitstream because
the 8x8 subblock can be split into smaller subblocks.

Since fourthly to nineteenthly reconstructed partition type
indicating information are all 0, it can be derived that all
subblock types of subblocks [.3-P0 to [.3-P15 split from the
subblock LO-P1 are 8x8.

Since twentiethly reconstructed partition type indicating
information is 3 and the layers 1 and 2 are not available, the
LO-P2 subblock is split into 16 subblocks (L.3-P0 to L3-P15)
of'size 8x8, and partition type indicating information of each
8x8 subblock is extracted and decoded from the bitstream
because the 8x8 subblock can be split into smaller subblocks.

Since subsequently reconstructed partition type indicating
information is 2, the L.3-PO subblock included in the LO-P2
subblock is split into 2 subblocks of size 4x8, and subblock
types of subblocks 1.3-P1 to L.3-P15 are all set to 8x8 because
15 partition type indicating information pieces reconstructed
since then are all 0.

Since lastly reconstructed partition type indicating infor-
mation is 0, a subblock type of the LO-P3 subblock is 32x32,
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and the partition information decoding process is terminated
because partition types of all subblocks within the macrob-
lock have been determined.

C-2-1) Decoding Flowchart

FIG. 33 is a flowchart for illustrating a video decoding
method according to yet another aspect of the present disclo-
sure.

Based on the video decoding method according to yet
another aspect of the present disclosure, the video decoding
apparatus 3200 decodes encoded maximum partition layer
data extracted from the bitstream to reconstruct a maximum
partition layer value in step S3310, and performs a predictive
decoding on encoded image data extracted from the bitstream
by using a minimum subblock size according to the recon-
structed maximum partition layer value to reconstruct a cur-
rent block in step S3320.

According to yet another aspect of the present disclosure as
described above, even when the macroblock having a size
equal to or larger than a size 16x16 is split into various sizes
of subblocks, a minimum subblock size can be set by using a
maximum partition layer value. Accordingly, it is not required
to decode partition information for layers, which are not used.
As a result, partition information of the macroblock can be
encoded with the smaller number of bits and thus the com-
pression efficiency can be improved.

Further, the video encoding apparatus according to yet
another aspect of the present disclosure determines available
partition layers of a current block, selects a partition layer,
which generates a smallest encoding cost of the current block,
among the available partition layers, generates image data
encoded by performing a predictive encoding on the current
block by using only the selected partition layer, and can
generate a bitstream including encoded partition layer data
created by encoding information on the selected partition
layer, encoded partition information data created by encoding
partition information of the current block based on the
selected partition layer, and encoded image data. Here, one or
more partition layers can be selected as the partition layer
generating the smallest encoding cost of the current block.
Accordingly, the video encoding apparatus can generate
encoded image data by determining available partition layers
for the current block, selecting one or more partition layers,
which generate the smallest encoding cost of the current
block, among the available partition layers, and splitting and
predictive-encoding the current block by using only the one
or more selected partition layers. Therefore, the video encod-
ing apparatus can encode macroblock partition information
with a smaller number of bits and thus improve the compres-
sion efficiency.

In addition, the video decoding apparatus according to yet
another aspect of the present disclosure can reconstruct infor-
mation on partition layers and partition information by
decoding encoded partition information data and encoded
partition layer data extracted from the bitstream, and recon-
struct the current block by performing a predictive decoding
on the encoded image data extracted from the bitstream by
using the reconstructed information on the partition layers
and the reconstructed partition information.

D) Macroblock Size Encoding and Decoding

According to the aforementioned aspects, it has been
assumed that the macroblock has a prearranged size between
the video encoding apparatus and the video decoding appa-
ratus. Further, based on this assumption, then macroblock
splitting method, and the partition information encoding and
decoding have been described.



US 9,264,716 B2

53

Hereinafter, a method of determining a size of a macrob-
lock having a variable size, and an encoding and a decoding
for signaling the determined macroblock size to the decoding
apparatus will be described.

In general, a high resolution image may be efficiently
encoded by unit of large blocks. However, the encoding effi-
ciency is not always improved whenever all areas of the image
are encoded using the largest blocks. For example, in a case of
a monotonous image, it may be efficient to encode the image
by unit of macroblocks such as a large macroblock of size
128%128. However, when a complex image is encoded by unit
of' macroblocks of size 128x128, most macroblocks are split
into smaller subblocks and most subblocks may be predicted
or transformed by unit of blocks having a size equal to or
smaller than a size 16x16. In this event, since partition infor-
mation indicating that each macroblock has been split into
subblocks having a size equal to or smaller than the size
16x16 should be encoded, it is efficient to encode the image
through the selection of a macroblock size, which corre-
sponds to the size 16x16.

According to another aspect of the present disclosure, a
maximum block size, which can be used for the prediction or
the transform to further improve the efficiency of the afore-
mentioned partition information encoding method, is deter-
mined, the image is encoded by unit of selected block sizes,
and the image is reconstructed by decoding the image in a
maximum block size identified by information included in the
bitstream.

Hereinafter, although it is not described that a maximum
block size (e.g. macroblock), which can be used for the pre-
diction, and a maximum block size, which can be used for the
transform, are separately set for the convenience of the
description, it is applicable to separately set the maximum
block size for the prediction and the maximum block size for
the transform.

Further, each of the information can be encoded in the
sequence header, the picture header, the slice header, or the
macroblock header.

After the macroblock size is determined according to
aspects of the present disclosure, which will be discussed in
the following description, the macroblock can be split into
subblocks based on the macroblock splitting method accord-
ing to aforementioned aspects of the present disclosure. Fur-
ther, the prediction or the transform can be performed in the
unit of subblocks. In this event, the video encoding apparatus
according to aspects of the present disclosure encodes infor-
mation on the macroblock size and/or partition information
on the macroblock split and then can transmit the encoded
information to the video decoding apparatus according to
aspects of the present disclosure. The video decoding appa-
ratus according to aspects of the present disclosure can grasp
the macroblock size to be currently decoded and/or informa-
tion on subblocks within the macroblock by decoding infor-
mation on the macroblock size and/or macroblock partition
information. As described above, the partition information
can be variously implemented. The partition information of
the macroblock according to aspects of the present disclosure,
which contains information on whether the macroblock is
split into subblocks and/or information on subblock types
split from the macroblock, is signaled to the video decoding
apparatus according to aspects of the present disclosure.

D-1) Video Encoding Apparatus

D-1-1) Description of Encoding Apparatus

FIG. 35 is a schematic block diagram for illustrating a
video encoding apparatus 3500 according to yet another
aspect of the present disclosure.
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According to an implementation of the video encoding
apparatus according to another aspect of the present disclo-
sure, the video encoding apparatus may include a candidate
macroblock size configuration unit 3510, a video encoder
3520, and a macroblock size determiner 3530.

The candidate macroblock size configuration unit 3510
configures macroblock size candidates, which can be used by
the video encoding apparatus 3500 according to yet another
embodiment of the present disclosure. The macroblock size
candidates are input by a user or determined according to
image characteristics. Alternatively, the macroblock size can-
didates may be set candidates groups (e.g. size 64x64, size
32x32, and size 16x16) input by another apparatus.

In a case where the macroblock size candidates are deter-
mined according to image characteristics, if the image reso-
Iution is 4Kx2K and a ratio of a width and a height is 16:9, the
macroblock size candidates may include size 128x128, size
128x64, size 64x128, size 64x64, size 64x32, size 32x64,
size 32x32, size 32x16, size 16x32, and size 16x16.

The video encoder 3520 may be implemented as the video
encoding apparatus according to an aspect of the present
disclosure described with reference to F1G. 6, 8, or 26. That is,
the video encoder 3520 encodes an image by each macrob-
lock size candidate configured by the candidate macroblock
size configuration unit 3510 and generates image data for
each macroblock size. In this event, each macroblock is inter-
nally split into subblocks (here, the subblock having a mini-
mum subblock size may be a block by unit of 4x4 pixels),
which are smaller blocks than the macroblock, and an intra
encoding or an inter encoding is performed on the split sub-
blocks. Partition information indicating sizes and shapes of
subblocks within the macroblock may be included in the
bitstream by using the partition information encoding method
according to the aforementioned aspects of the present dis-
closure.

As another operation method of the video encoder 3520, an
encoding is performed using macroblocks of size 16x16 and
size 32x32. As a result of the encoding, when an encoding
costin a case of using the macroblocks of size 32x32 is higher
than an encoding cost in a case of using the macroblocks of
size 16x16, the size 16x16 is determined as the macroblock
size. When the encoding cost in the case of using the mac-
roblocks of size 32x32 is lower than the encoding cost in the
case of using the macroblocks of size 16x16, an encoding is
performed again using macroblocks of size 64x64 and then
encoding costs of using the macroblock of size 32x32 and
size 64x64 are compared in the same way. Accordingly, the
macroblock size may be determined.

Further, as another operation method of the video encoder
3520, an encoding is performed using macroblocks of size
16x16, size 32x16, size 16x32, and size 32x32. As aresult of
the encoding, a macroblock size having the best encoding
efficiency is selected. And then, the encoding is performed
using pixel blocks generated by enlarging a width, a height,
and both the width and the height of the selected macroblock
two times, respectively, as the macroblocks. If the encoding
efficiency is not improved using an enlarged macroblock size,
the encoding is stopped and the macroblock size is deter-
mined.

The macroblock size determiner 3530 calculates encoding
costs (i.e. encoding costs of image data for each macroblock
size) generated when the video encoder 3520 encodes the
image by each macroblock size and compares encoding costs
of respective macroblock sizes to determine an optimal mac-
roblock size among macroblock size candidates. Here, the
optimal macroblock size may be any macroblock size if the
macroblock size generates the lowest encoding cost when the



US 9,264,716 B2

55

image is encoded using the corresponding macroblock size.
However, in a case of using encoding cost, various optimal
macroblock sizes may be determined using the encoding cost.

Further, when the macroblock size is determined, the mac-
roblock size determiner 3530 generates image data encoded
in the corresponding macroblock size as the bitstream. In this
event, information on the determined macroblock size may be
encoded and included in the bistream. The information on the
macroblock size may be included in the bitstream for an entire
image only once or may be included in the bitstream in every
picture of the entire image. Further, according to another
aspect of the present disclosure, the macroblock size, which
corresponds to the encoding/decoding units, may be differ-
ently selected for each picture, slice or macroblock layer.

D-1-2) Macroblock Size Encoding Method

Hereinafter, various methods of encoding the macroblock
size according to aspects of the present disclosure are
described.

As described above, since the macroblock size can be
calculated by using the minimum subblock size and the maxi-
mum partition layer (MaxLayer), the macroblock size can be
obtained by encoding a determined macroblock size value or
encoding the minimum subblock size and the maximum par-
tition layer.

That is, in a method of encoding block size information
indicating the macroblock size or the minimum subblock size
and encoding the subblock size, maximum partition layer
(MaxLayer) information is together encoded and transmitted
to the video decoding apparatus.

The maximum partition layer information can be encoded
into a binary bit string by using a lossless compression coding
such as a binary arithmetic coding, a Huffman coding, etc.
Alternatively, the maximum partition layer information can
be encoded by using various binary coding methods such as a
unary code, a truncated unary code, an Exp-Golomb code,
etc.

D-1-2-1) Macroblock Size Encoding Method 1

A first method of encoding the macroblock size is first
described.

A flag (Set_MBsize_flag) indicating whether to transmit
information on the macroblock size may be included in a
sequence header, a header of each picture, or a slice header.
The macroblock size may be either transmitted or not accord-
ing to a value of the flag. In a case of not transmitting the
macroblock size, macroblocks having a predetermined size,
for example, blocks of size 16x16 are used as macroblocks.

If macroblock size is designated, information on the mac-
roblock size is transmitted. In this event, macroblocks having
an arbitrary size, of which horizontal sizes and vertical sizes
are separately set, may be used. Alternatively, in a case of
using square macroblocks, only information on one side of
the square macroblock is encoded and then may be transmit-
ted to the decoding apparatus.

A macroblock size value to be encoded may be designated
as an actual macroblock size or a value indicating the number
of times, by which a macroblock is to be enlarged or reduced
with respect to a predetermined size, may be transmitted.
Further, the macroblock size value may be represented using
smaller bits through applying a log function to the macrob-
lock size value instead of directly encoding the macroblock
size value. For example, a value of log, (selected MBsize/X)
(X is any positive integer, which is a multiple of 2) is encoded.
In this event, a value of X may be selected as an available
minimum macroblock size. For example, if the available
minimum macroblock size is 8x8, it is preferable to select “8”
as the value of X. In this event, “0” is encoded when a current
macroblock is a block of size 8x8, and “1” is encoded when
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the current macroblock is a block of size 16x16. If the avail-
able minimum macroblock size is 16x16, it is preferable to
select “16” instead of “8” as the value of X. In this event, “0”
is encoded when the current macroblock is a block of size
16x16, and “1” is encoded when the current macroblock is a
block of size 32x32. Accordingly, a current macroblock size
can berepresented using bits smaller than bits used for encod-
ing a large number such as 8, 16, or 32.

Further, magnifications of the horizontal size and the ver-
tical size may be encoded, respectively.

Alternatively, the macroblock size value may be an index
value of a prearranged table between the video encoding
apparatus and the video decoding apparatus.

In this event, the macroblock size to be transmitted can be
encoded using various binary coding methods such as a unary
code, a truncated unary code, an Exp-Golomb code, etc.

Hereinafter, it is not described to separately set a horizontal
size and a vertical size for the convenience of the description,
but it is applicable to separately set the horizontal size and the
vertical size. Further, although it is exemplified to encode data
on a sequence header and a picture header, the data may be
encoded on a slice header or a macroblock header.

An example of a syntax according to the first method of
encoding the macroblock size is as follows.

Set_MBsize_Flag
if(Set_MBsize_Flag == 1)
{

MBsize

)

Or

Set_MBsize_Flag
if(Set_MBsize_Flag == 1)

MBsize_width
MBsize_height
}

Further, block size information such as MB_size, which
indicates the macroblock size, can be encoded through the
minimum subblock size and the maximum partition layer.

Here, a minimum subblock size value to be encoded may
be designated as an actual minimum subblock size or a value
indicating the number of times, by which a subblock is to be
enlarged or reduced with respect to a predetermined size, may
be transmitted. Further, the minimum subblock size value
may be represented using smaller bits through applying a log
function to the minimum subblock size value instead of
directly encoding the minimum subblock size value. For
example, a value of log, (minblockSize/X) (X is any positive
integer, which is a multiple of 2) is encoded. In this event, a
value of X may be selected as an available minimum subblock
size. For example, if the available minimum subblock size is
4x4, it is preferable to select “4” as the value of X. In this
event, “0” is encoded when a minimum subblock to be
encoded according to a current macroblock size is a block of
size 4x4, and “1” is encoded when the minimum subblock is
ablock of size 8x8. If the available minimum macroblock size
is 8x8, it is preferable to select “8” instead of “4” as the value
of X. In this event, “0” is encoded when the available mini-
mum subblock size according to the current macroblock size
is 8x8, and “1” is encoded when the minimum subblock size
is 16x16.

Further, magnifications of the horizontal size and the ver-
tical size may be encoded, respectively.

Alternatively, the minimum subblock size value may be an
index value of a table defining a prearranged block size
between the video encoding apparatus and the video decod-
ing apparatus.
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In this event, the minimum subblock size can be encoded
using various binary coding methods such as a unary code, a
truncated unary code, an Exp-Golomb code, etc.

The maximum partition layer information can be encoded
into a binary bit string by using a lossless compression coding
such as a binary arithmetic coding, a Huffman coding, etc.
Alternatively, the maximum partition layer information can
be encoded by using various binary coding methods such as a
unary code, a truncated unary code, an Exp-Golomb code,
etc.

When the macroblock size is encoded by using the mini-
mum subblock size and the maximum partition layer, an
example of the aforementioned first syntax can be repre-
sented as follows.

Set_MBsize_Flag
if(Set_MBsize_Flag == 1)

minBlockSize
MaxLayer

Or
Set_MBsize_Flag
if(Set_MBsize_Flag == 1)

minBlockSize width
minBlockSize _height
MaxLayer

}

Alternatively, the macroblock size may be transmitted to
the video decoding apparatus in every sequence, picture,
slice, or macroblock header without encoding the flag (Set_
MBsize_flag) indicating whether to transmit information on
the macroblock size.

D-1-2-2) Macroblock Size Encoding Method 2

Hereinafter, a second method of encoding the macroblock
size is described.

According to the second method, a size MxN is set as a
reference macroblock size, and a flag indicating whether to
use the reference macroblock size is encoded in every picture,
slice, or macroblock header. When the reference macroblock
size is not used, a selected macroblock size is encoded. Alter-
natively, after a flag indicating whether to set the reference
macroblock size is encoded in the sequence header, a prede-
termined size, for example, a size 16x16 is used as the refer-
ence macroblock size if the reference macroblock size is not
set, and the reference macroblock size may be encoded and
included in the sequence header if the reference macroblock
size is set.

Here, in a method of encoding a value of default_MBsize,
which is information indicating the reference macroblock
size, or a value of MB_size, which is information indicating a
current macroblock size, an actual macroblock size may be
designated or a value indicating the number of times, by
which a macroblock is to be enlarged or reduced with respect
to a predetermined size, may be transmitted. Alternatively, as
described in the aforementioned first method, the macroblock
size value may be represented using smaller bits through
applying a log function to the macroblock size value instead
of directly encoding the macroblock size value.

Further, magnifications of the horizontal size and the ver-
tical size may be encoded, respectively.

Alternatively, the macroblock size value may be an index
value of a prearranged table between the video encoding
apparatus and the video decoding apparatus.
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In this event, the macroblock size to be transmitted may be
encoded using various binary coding methods such as a unary
code, a truncated unary code, an Exp-Golomb code, etc.

An example of a syntax according to the aforementioned
second method of encoding the macroblock size is repre-
sented as follows.

Sequence, picture, or slice header
Set_defaultMBsize_Flag
if(Set_MBsize_Flag == 1)

defalt MBsize

Picture, slice, or macroblock header
use_defalt MBsize_flag
if(use_defalt MBsize_flag == 0)

{

MB_size

In addition, block size information such as default_ MBsize
for indicating a default or reference macroblock size and
MB_size for indicating a macroblock size may be encoded
through the minimum subblock size and maximum partition
layer.

In a method of encoding reference minimum subblock size
default_minBlockSize for indicating the reference macrob-
lock size or minimum subblock size minBlockSize for indi-
cating information on the current macroblock size, a mini-
mum subblock size to be actually encoded may be designated
and a value indicating the number of times, by which a sub-
block is to be enlarged or reduced from a predetermined size,
may be transmitted. Alternatively, as described in the afore-
mentioned first method, the minimum subblock size value
may be represented using smaller bits through applying a log
function to the minimum subblock size value instead of
directly encoding the minimum subblock size value.

Further, magnifications of the horizontal size and the ver-
tical size may be encoded, respectively.

Alternatively, the minimum subblock size value may be an
index value of a prearranged table between the video encod-
ing apparatus and the video decoding apparatus.

In this event, the minimum subblock size to be transmitted
may be encoded using various binary coding methods such as
aunary code, a truncated unary code, Exp-Golomb code, etc.

The maximum partition layer information can be encoded
into a binary bit string by using a lossless compression coding
such as a binary arithmetic coding, a Huffman coding, etc.
Alternatively, the maximum partition layer information can
be encoded by using various binary coding methods such as a
unary code, a truncated unary code, an Exp-Golomb code,
etc.

When the macroblock size is encoded by using the mini-
mum subblock size and the maximum partition layer, an
example of the aforementioned second syntax can be repre-
sented as follows.

Sequence, picture, or slice header
Set_defaultMBsize_Flag
if(Set_MBsize Flag ==1)

default_minBlockSize

default MaxLayer

}

Picture, slice, or macroblock headerti &
use_default MBsize_flag
if(use_default_MBsize_flag == 0)

{
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-continued

minBlockSize
MaxLayer

D-1-2-3) Macroblock Size Encoding Method 3

Hereinafter, a third method of encoding the macroblock
size is described.

According to the third method, a size MxN is set as the
reference macroblock size, and a flag indicating whether to
use the reference macroblock size is encoded in every header
of each picture, slice header, or minimum subblock header
and transmitted to the video decoding apparatus. When the
flag indicates that the reference macroblock size is used, a
block having the same size as the reference macroblock size
is selected as a current macroblock. However, when the flag
indicates that the reference macroblock size is not used, a
block having a size enlarged or reduced by a predetermined
ratio with respect to the reference macroblock size is selected
as the current macroblock in an encoding or a decoding pro-
cess. For example, a block having a horizontal size and a
vertical size twice as large or twice as small as the horizontal
size and the vertical size of the reference macroblock may be
selected as the current macroblock.

When there are various enlarging or reducing ratios, vari-
ous ratios may be represented by making a length of the flag
larger than 2 bits. Alternatively, information indicating the
enlarging ratio or the reducing ratio may be additionally
encoded in addition to the flag indicating whether to use the
reference macroblock size.

When the flag indicates that the reference macroblock size
is not used and a block having a size enlarged from the
reference macroblock size is selected as the current macrob-
lock, the reference macroblock size corresponds to a mini-
mum macroblock size available for the current bitstream
encoding or decoding. On the contrary, when the flag indi-
cates that the reference macroblock size is not used and a
block having a size reduced with respect to the reference
macroblock size is selected as the current macroblock, the
reference macroblock size corresponds to a minimum mac-
roblock size available for the current bitstream encoding or
decoding.

The video decoding apparatus can select the current mac-
roblock size by using the flag indicating whether to use the
reference macroblock size and/or additional information
indicating an enlargement or a reduction by a predetermined
ratio with respect to the reference macroblock size.

According to an aspect of the present disclosure, the flag
indicating whether to set the reference macroblock size may
be included in the sequence header. If the reference macrob-
lock size is not set, it may be prearranged to use a predeter-
mined size, for example, a size 16x16 as the reference mac-
roblock size.

When the reference macroblock size is set and signaled to
the video decoding apparatus, information on the reference
macroblock size is encoded and may be included in the
sequence header. According to an aspect of the present dis-
closure, the video encoding apparatus can signal information
indicating the maximum macroblock size available for the
current bitstream encoding or decoding to the video decoding
apparatus as the information on the reference macroblock
size. According to another aspect of the present disclosure,
the video encoding apparatus can signal information indicat-
ing the minimum macroblock available for the current bit-
stream encoding or decoding to the video decoding apparatus
as the information on the reference macroblock size. Accord-
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ing to yet another aspect of the present disclosure, the video
encoding apparatus can signal information on both the maxi-
mum macroblock and the minimum macroblock size avail-
able for the current bitstream encoding or decoding to the
video decoding apparatus as the information on the reference
macroblock size.

In a method of encoding default_MBSize, which is the
information on the reference macroblock size, the actual mac-
roblock size may be designated and a value indicating the
number of times, by which a macroblock is to be enlarged or
reduced from a predetermined size, may be transmitted.
Alternatively, as described in the aforementioned first
method, the macroblock size value may be represented using
smaller bits through applying a log function to the macrob-
lock size value instead of encoding directly the macroblock
size value.

More specifically, for example, when default_ MBSize
indicates the maximum macroblock size available for the
current bitstream encoding or decoding, a value oflog, (X/de-
fault_ MBSize) (X is any positive integer, which is a multiple
of 2) is encoded. In this event, an available maximum mac-
roblock size may be selected as a value of X. Alternatively,
when default MBSize indicates the minimum macroblock
size available for the current bitstream encoding or decoding,
avalue oflog, (default_MBSize/X) (X is any positive integer,
which is a multiple of 2) is encoded. In this event, an available
minimum macroblock size may be selected as the value of X.

Further, magnifications of the horizontal size and the ver-
tical size may be encoded, respectively.

Alternatively, the macroblock size value may be an index
value of a prearranged table between the video encoding
apparatus and the video decoding apparatus.

In this event, the macroblock size to be transmitted may be
encoded using various binary coding methods such as a unary
code, a truncated unary code, Exp-Golomb code, etc.

In addition, block size information such as default_ MBsize
indicating the reference macroblock size and MB_size indi-
cating the macroblock size can be encoded through the mini-
mum subblock size and the maximum partition layer.

In a method of encoding default_minBlockSize, which is
information on the reference minimum subblock size, a mini-
mum subblock size to be actually encoded may be designated
and a value indicating the number of times, by which a sub-
block is to be enlarged or reduced from a predetermined size,
may be transmitted. Alternatively, as described in the afore-
mentioned first method, the minimum subblock size value
may be represented using smaller bits through applying a log
function to the minimum subblock size value instead of
encoding directly the minimum subblock size value.

More specifically, for example, when default_minBlock-
Size indicates the maximum subblock size according to the
maximum macroblock size available for the current bitstream
encoding or decoding, a value of log, (X/default_minBlock-
Size) (X is any positive integer, which is a multiple of 2) is
encoded. In this event, an available maximum subblock size
may be selected as a value of X. Alternatively, when default_
minBlockSize indicates the minimum subblock size accord-
ing to the minimum macroblock size available for the current
bitstream encoding or decoding, a value oflog, (default_min-
BlockSize/X) (X is any positive integer, which is a multiple of
2) is encoded. In this event, an available minimum subblock
size may be selected as the value of X.

Further, magnifications of the horizontal size and the ver-
tical size may be encoded, respectively.

Alternatively, the reference minimum subblock size may
be an index value of a prearranged table between the video
encoding apparatus and the video decoding apparatus.
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In this event, the reference minimum subblock size may be
encoded using various binary coding methods such as a unary
code, a truncated unary code, Exp-Golomb code, etc.

The maximum partition layer information can be encoded
into a binary bit string by using a lossless compression coding
such as a binary arithmetic coding, a Huffman coding, etc.
Alternatively, the maximum partition layer information can
be encoded by using various binary coding methods such as a
unary code, a truncated unary code, an Exp-Golomb code,
etc.

D-1-2-4) Macroblock Size Encoding Method 4

Hereinafter, a fourth method of encoding the macroblock
size is described.

According to the fourth method, after a flag indicating
whether to use the reference macroblock size and a macrob-
lock size selected in a case where the reference macroblock
size is not used are encoded in a first picture, a flag indicating
whether to use a macroblock size of a previous picture and a
macroblock size of a current picture in a case where the
macroblock size of the previous picture is not used may be
encoded from a second picture.

In a method of encoding default MB_size, which is the
information indicating the reference macroblock size or
MB_size, which is the information indicating the current
macroblock size, an actual macroblock size may be desig-
nated and a value indicating the number of times, by which a
macroblock is to be enlarged or reduced from a predeter-
mined size, may be transmitted. Alternatively, as described in
the aforementioned first method, macroblock size values can
be represented using smaller bits through applying a log
function to the macroblock size values instead of directly
encoding the macroblock size values.

Further, magnifications of the horizontal size and the ver-
tical size may be encoded, respectively. Alternatively, the size
values of macroblocks to be encoded may be index values of
a table prearranged between the video encoding apparatus
and the video decoding.

In this event, the macroblock size to be transmitted may be
encoded using various binary coding methods such as a unary
code, a truncated unary code, an Exp-Golomb code, etc.

An example of a syntax according to the aforementioned
fourth method of encoding the macroblock size is represented
as follows.

First picture

use_default MBsize flag
if(use_default_MBsize_flag == 0)
{

MB_size

)

From second picture
use_prevPic_MBsize flag
if(use_prevPic_MBsize flag == 0)

MB_size

}

Further, block size information such as MBsize indicating
the macroblock size can be encoded through the minimum
subblock size and the maximum partition layer.

A minimum subblock size to be actually encoded may be
designated and a value indicating the number of times, by
which a subblock is to be enlarged or reduced from a prede-
termined size, may be transmitted. Alternatively, as described
in the aforementioned first method, a log function may be
applied to the minimum subblock size value instead of
directly encoding the minimum subblock size value.
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Further, magnifications of the horizontal size and the ver-
tical size may be encoded, respectively. Alternatively, the
minimum subblock size may be an index value of a prear-
ranged table between the video encoding apparatus and the
video decoding apparatus.

In this event, the reference minimum subblock size may be
encoded using various binary coding methods such as a unary
code, a truncated unary code, Exp-Golomb code, etc.

The maximum partition layer information can be encoded
into a binary bit string by using a lossless compression coding
such as a binary arithmetic coding, a Huffman coding, etc.
Alternatively, the maximum partition layer information can
be encoded by using various binary coding methods such as a
unary code, a truncated unary code, an Exp-Golomb code,
etc.

When the reference macroblock size or the macroblock
size is encoded by using the minimum subblock size and the
maximum partition layer, an example of the aforementioned
fourth syntax can be represented as follows.

First picture
use_defalt MBsize_flag
if(use_defalt MBsize_flag == 0)

minBlockSize

MaxLayer

)

From second picture
use_prevPic_MBsize_flag
if(use_prevPic_MBsize flag==0)

minBlockSize
MaxLayer

}

D-1-2-5) Macroblock Size Encoding Method 5

Hereinafter, a fifth method of encoding macroblock sizes
will be described.

According to the fifth method, different macroblock sizes
are used for an intra picture and an inter picture. That is, a
macroblock size for the intra picture and a macroblock size
for the inter picture are encoded in the sequence header.
Alternatively, each macroblock size according to a picture
type can be encoded only in headers of a first intra picture and
a first inter picture. A method of encoding information on the
macroblock size of the intra picture and the macroblock size
of the inter picture may be used in combination with the
aforementioned methods.

Sequence header
Set_intraMBsize Flag
Set_interMBsize Flag
if(Set_interMBsize_Flag == 1)
{

intraMBsize

if(Set_interMBsize_Flag == 1)

interMBsize

}

Further, information on the intra macroblock size or the
inter macroblock size can be encoded through the minimum
subblock size and the maximum partition layer.

When the intra macroblock size or the inter macroblock
size is encoded by using the minimum subblock size and the
maximum partition layer, an example of the aforementioned
fifth syntax can be represented as follows.
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Sequence header
Set_intraMBsize_Flag
Set_interMBsize_Flag
if(Set_intraMBsize_Flag == 1)

Intra_ minBlockSize
Intra_MaxLayer

if(Set_interMBsize_Flag == 1)

Inter minBlockSize
Inter_MaxLayer

D-1-3) Description of Encoding Method Order

FIG. 36 is a flowchart for illustrating an implementation of
a video encoding method according to another aspect of the
present disclosure.

The video encoding apparatus configures macroblock size
candidates in step S3610, encodes an input image by each
macroblock size candidate in step S3620, determines a mac-
roblock size based on encoding costs for each macroblock
size candidate in step S3630, and generates a bitstream
including image data encoded in the determined macroblock
size and information on the determined macroblock size in
step S3640. Since it has been described through FIG. 35 that
the video encoding apparatus configures macroblock size
candidates, encodes an image for each macroblock size can-
didate, and determines a macroblock size based on encoding
costs of encoded image data for each macroblock size candi-
date, its detailed description is omitted.

D-2) Video Decoding Apparatus

D-2-1) Description of Decoding Apparatus

FIG. 37 is a block diagram for illustrating an implementa-
tion of a video decoding apparatus according to another
aspect of the present disclosure.

According to the implementation of the video decoding
apparatus according to another aspect of the present disclo-
sure, the video decoding apparatus 3700 may include a mac-
roblock size configuration unit 3710 and a video decoder
3720.

The macroblock size configuration unit 3710 extracts
information on a macroblock size from the bitstream before
performing a decoding by unit of macroblocks and configures
a macroblock size by using the extracted information.

When it is prearranged between the video encoding appa-
ratus and the video decoding apparatus that the information
on the macroblock size is included in the bitstream only once,
an image can be reconstructed by decoding the information
into the bitstream for an entire image only once and using the
extracted macroblock size in the entire image decoding.
When it is prearranged that the macroblock size is encoded/
decoded in every picture, the image can be reconstructed by
extracting the macroblock size from the bitstream in every
picture and using different macroblock sizes in every picture.
Further, according to another aspect of the present disclosure,
the image can be reconstructed by extracting the macroblock
size in every picture, slice, or macroblock layer and using the
selected macroblock size.

The video decoder 3720 may be implemented as the video
decoding apparatus according to an aspect of the present
disclosure described with reference to FIG. 32, and sizes and
shapes of subblocks split for the prediction or the transform
within the macroblock are reconstructed by decoding parti-
tion information according to the reconstructed macroblock
size through methods according to the aforementioned
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aspects. Respective subblocks are reconstructed by extracting
and decoding encoded image data of the respective subblocks
from the bitstream.

D-2-2) Macroblock Size Information Decoding Method

Hereinafter, various methods of encoding the macroblock
size according to aspects of the present disclosure are
described.

D-2-2-1) Macroblock Size Information Decoding Method
1

A decoding method according to the first method of encod-
ing the macroblock size is first described.

A flag (Set_MBsize_flag) indicating whether to transmit
information on the macroblock size may be included, the flag
(Set_MBsize_flag) indicating whether to transmit informa-
tion on the macroblock size is entropy-decoded in a prear-
ranged position such as the sequence header, the header of
each picture, or the slice header. When the decoded flag has a
value indicating that the macroblock size is not transmitted, a
macroblock having a predetermined size prearranged
between the video encoding apparatus and the video decod-
ing apparatus, for example, a 16x16 block is used as the
macroblock.

When the decoded macroblock size designating flag (Set_
MBsize_flag) indicates that the macroblock size is desig-
nated, the macroblock size is entropy-decoded and extracted
through a method prearranged between the video encoding
apparatus and the video decoding apparatus among various
entropy decoding methods such as a unary code, a truncated
unary-code, an Exp-Golomb code, etc.

When a horizontal size and a vertical size of the macrob-
lock are separately set and then transmitted, the horizontal
size and the vertical size may be obtained by entropy-decod-
ing each of'the sizes. Alternatively, if a square macroblock is
used, only information indicating one side of the square mac-
roblock may be entropy decoded.

A decoded value may be designated as the actual macrob-
lock size, and a value indicating the number of times, by
which a macroblock is to be enlarged or reduced from a
predetermined size, may be transmitted. Further, when the
video encoding apparatus encodes a value generated by
applying a log function to the macroblock size value, the
macroblock size may be set by applying an exponential func-
tion to the entropy-decoded value. For example, when the
video encoding apparatus encodes y, which is a value of log,
(MBsize selected in the encoder/X) (X is any positive integer,
which is a multiple of 2), the video decoding apparatus
entropy-decodes y and can obtain the macroblock size
selected in the encoder by multiplying 2* and X. Here, X
corresponds to a prearranged value between the video encod-
ing apparatus and the video decoding apparatus or a value
extracted from the bitstream before a macroblock size decod-
ing. When a minimum macroblock size available for X is
selected and used and the available minimum macroblock
size is 8x8, the macroblock size is set to 8x8 if a decoded
value of'y is “0”, and the macroblock size is setto 16x16 ifthe
decoded value of y is “1”. When the available minimum
macroblock size is 16x16, “16” instead of “8” is used as X,
and the macroblock size is set to 16x16 if the decoded value
of'y is “0”.

Further, when the video encoding apparatus decodes mag-
nifications of the horizontal size and the vertical size, respec-
tively, the macroblock size may be obtained by entropy-
decoding the magnifications of the horizontal size and the
vertical size, respectively.

In addition, when an index value of a prearranged table
between the video encoding apparatus and the video decod-
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ing apparatus is encoded, the macroblock size may be
obtained by using a decoded value as the index value of the
table.

In this event, the macroblock size to be transmitted may be
decoded using various binary coding methods such as a unary
code, a truncated unary code, an Exp-Golomb code, etc.
Hereinafter, it is not described to separately decode and
extract the horizontal size and the vertical size for the conve-
nience of descriptions, but it is applicable to separately extract
the horizontal size and the vertical size. Further, although it is
exemplified to decode data on the sequence header and the
picture header, the macroblock size may be decoded on a slice
header or a macroblock header when the video encoding
apparatus encodes the macroblock size in the slice header or
the macroblock header.

When it is prearranged between the video encoding appa-
ratus and the video decoding apparatus that the minimum
subblock size and the maximum partition layer are used as
information on the macroblock size, information on the mini-
mum subblock size and the maximum partition layer is
extracted and decoded from the bitstream, and then the mac-
roblock size can be reconstructed.

When the decoded macroblock size designating flag (Set_
MBsize_flag) indicates that the macroblock size is desig-
nated, the minimum subblock size is entropy-decoded and
extracted through a prearranged method between the video
encoding apparatus and the video decoding apparatus among
various entropy decoding methods such as a unary code, a
truncated unary-code, an Exp-Golomb code, etc.

When the horizontal size and the vertical size of the mini-
mum subblock size are separately set and then transmitted,
the horizontal size and the vertical size may be obtained by
entropy-decoding each of the sizes. Alternatively, if a square
macroblock is used, only information indicating one side of
the square macroblock may be entropy-decoded.

A decoded value may be designated as the actual minimum
subblock size, and a value indicating the number of times, by
which a subblock is to be enlarged or reduced from a prede-
termined size, may be transmitted. Further, when the video
encoding apparatus encodes a value generated by applying a
log function to the minimum subblock size value, the mini-
mum subblock size may be set by applying an exponential
function to the entropy-decoded value. For example, when
the video encoding apparatus encodes y, which is a value of
log, (minBlockSize selected in the video encoding apparatus
according to the selected macroblock size/X) (X is any posi-
tive integer, which is a multiple of 2), the video decoding
apparatus entropy-decodes y and can obtain the minimum
subblock size according to the macroblock size selected in the
video encoding apparatus by multiplying 2* and X. Here, X
corresponds to a prearranged value between the video encod-
ing apparatus and the video decoding apparatus or a value
extracted from the bitstream before a minimum subblock size
decoding. When a minimum subblock size available for X is
selected and used and the available minimum subblock size is
4x4, the minimum subblock size is set to 4x4 if a decoded
value of'y is “0”, and the minimum subblock size is set to 8x8
if the decoded value of'y is “1”. When the available minimum
subblock size is 8x8, “8” instead of “4” is used as X, and the
minimum subblock size is set to 8x8 if the decoded value of
yis “0”.

Further, when the video encoding apparatus decodes mag-
nifications of the horizontal size and the vertical size, respec-
tively, the minimum subblock size may be obtained by
entropy-decoding the magnifications of the horizontal size
and the vertical size, respectively.
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In addition, when an index value of a prearranged table
between the video encoding apparatus and the video decod-
ing apparatus is encoded, the minimum subblock size may be
obtained by using a decoded value as the index value of the
table.

In this event, the minimum subblock size may be decoded
using various binary coding methods such as a unary code, a
truncated unary code, an Exp-Golomb code, etc.

The maximum partition layer information is decoded by
using lossless compression coding such as a binary arithmetic
coding, a Huffman coding, etc., and can be decoded by using
various methods such as a unary code, a truncated unary code,
an Exp-Golomb code, etc.

When the reconstructed minimum subblock size is NxN
and the maximum partition layer is X, the macroblock size is
(Nx2F)x(Nx2%).

E-2-2-2) Macroblock Size Information Decoding Method
2

Hereinafter, a decoding method according to the second
method of encoding the macroblock size is described.

According to the second method, a prearranged size MxN
between the video encoding apparatus and the video decod-
ing apparatus is set as the reference macroblock size, and a
flag indicating whether to use the reference macroblock size
is entropy-decoded from a header of each picture, a slice
header, and a macroblock header. When a value of the
decoded flag indicates that the reference macroblock size is
not used, information related to the macroblock is extracted
by entropy-decoding macroblock size information, and the
macroblock size is set. When the value of the decoded flag
indicates that the reference macroblock size is used, it means
that the macroblock size information is not included in the
bitstream, so that a preset reference macroblock size is set as
the macroblock size and a series of decoding processes are
performed.

When the reference macroblock size is included in the
sequence header and transmitted to the video decoding appa-
ratus from the video encoding apparatus, the reference mac-
roblock size may be extracted from a prearranged position
such as the sequence header, etc. within the bitstream. Here,
the reference macroblock size or the current macroblock size
is allocated an entropy-decoded value, and the macroblock
size may be obtained by scaling (enlarging or reducing) a
predetermined size by the entropy-decoded value. Alterna-
tively, as described in the aforementioned first decoding
method, when the video encoding apparatus encodes a value
generated by applying a log function to the macroblock size
value, the macroblock size value may be obtained by using an
exponential function.

Further, when the video encoding apparatus decodes mag-
nifications of the horizontal size and the vertical size, respec-
tively, the macroblock size can be obtained by entropy-de-
coding the magnifications of the horizontal size and the
vertical size, respectively.

In addition, when an index value of a prearranged table
between the video encoding apparatus and the video decod-
ing apparatus is encoded, the macroblock size can be obtained
by using a decoded value as the index value of the table.

In this event, the macroblock size to be transmitted can be
decoded using various binary coding methods such as a unary
code, a truncated unary code, an Exp-Golomb code, etc.

Further, when information on the reference macroblock
size or the macroblock size corresponds to information on the
minimum subblock size and the maximum partition layer,
information on a reference minimum subblock size according
to the reference macroblock size or the minimum subblock
size according to the macroblock size and information on the
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maximum partition layer are extracted and decoded from the
bitstream, and then the macroblock size is decoded.

Here, the reference minimum subblock size and the mini-
mum subblock size can be extracted from a prearranged posi-
tion such as a sequence within the bitstream. The reference
minimum subblock size and the current minimum subblock
size can be is allocated an entropy-decoded value, and the
minimum subblock size may be obtained by scaling (enlarg-
ing or reducing) a predetermined size by the entropy-decoded
value. Alternatively, as described in the aforementioned first
decoding method, when the video encoding apparatus
encodes a value generated by applying a log function to the
minimum subblock size value, the minimum subblock size
value may be obtained by using an exponential function.

Further, when the video encoding apparatus decodes mag-
nifications of the horizontal size and the vertical size, respec-
tively, the minimum subblock size can be obtained by
entropy-decoding the magnifications of the horizontal size
and the vertical size, respectively.

In addition, when an index value of a prearranged table
between the video encoding apparatus and the video decod-
ing apapratus is encoded, the minimum subblock size can be
obtained by using a decoded value as the index value of the
table.

In this event, the minimum subblock size can be decoded
using various binary coding methods such as a unary code, a
truncated unary code, an Exp-Golomb code, etc.

The maximum partition layer information can be decoded
by using a lossless compression coding such as a binary
arithmetic coding, a Huffman coding, etc, and various binary
coding methods such as a unary code, a truncated unary code,
an Exp-Golomb code, etc.

When the reconstructed minimum subblock size is NxN
and the maximum partition layer is X, the macroblock size is
(Nx2F)x(Nx25).

D-2-2-3) Macroblock Size Information Decoding Method
3

Hereinafter, a decoding method according to the third
method of encoding the macroblock size is described.

According to the third method, the video decoding appa-
ratus extracts a flag indicating whether to use the reference
macroblock size and/or additional information indicating an
enlargement or a reduction by a predetermined ratio with
respect to the reference macroblock size from the bitstream,
and then the macroblock size may be extracted using the
above information.

First, a size NxN s set as the reference macroblock size and
the flag indicating whether to use the reference macroblock
size is decoded in every header of each picture, slice header,
and macroblock header. When the flag indicates that the ref-
erence macroblock size is used, the current macroblock size is
equally set to the reference macroblock size and a decoding is
performed using the set macroblock size in the unit of mac-
roblocks. However, when the flag indicates that the reference
macroblock size is not used, a value enlarged or reduced with
respect to the reference macroblock size by a predetermined
ratio prearranged between the video encoding apparatus and
the video decoding apparatus is set as the current macroblock
size and a decoding is performed in the unit of macroblocks.
For example, a size enlarged or reduced twice from the hori-
zontal size and the vertical size of the reference macroblock
may be set as the current macroblock size.

When the video encoding apparatus uses various enlarging
or reducing ratios, includes a selected ratio in the bitstream,
and encodes the bitstream, the video decoding apparatus can
obtain various ratios by decoding the number of bits prear-
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ranged between the video encoding apparatus and the video
decoding apparatus from the bitstream in a flag entropy
decoding.

Alternatively, when information indicating an enlarging
ratio or a reducing ratio is included in the bitstream and
encoded in addition to the flag indicating whether to use the
reference macroblock size, the enlarging ratio or the reducing
ratio may be either decoded or not according to a value of the
flag indicating whether to use the reference macroblock size
after the flag is decoded. If the enlarging ratio or the reducing
ratio is not decoded, the reference macroblock size is set as
the current macroblock size and then decoding processes are
performed.

When the decoded flag indicates that the reference mac-
roblock size is different from the current macroblock size and
the decoded ratio is the enlarging ratio, the reference macrob-
lock size is set as the minimum macroblock size available for
the current bitstream encoding or decoding, and then a size
enlarged from the reference macroblock size by the entropy
decoded ratio is set as the current macroblock size. On the
contrary, when the entropy-decoded ratio is the reducing
ratio, the reference macroblock size is set as the maximum
macroblock size available for the current bitstream encoding
or decoding, and then a size reduced with respect to the
reference macroblock size by the entropy-decoded ratio is set
as the current macroblock size.

According to an embodiment of the present disclosure,
when a flag indicating whether to set the reference macrob-
lock size is included in the sequence header of the bitstream
and then transmitted, the decoder entropy-decodes the flag
from the sequence header. And then, when the flag indicates
that the reference macroblock size is set, the decoder extracts
reference macroblock size information from a prearranged
position such as the sequence header of the bitstream and sets
the reference macroblock size by using the extracted infor-
mation. When the flag indicates that the reference macrob-
lock size is not set, a predetermined size prearranged between
the video encoding apparatus and the video decoding appa-
ratus, for example, a size 16x16 may be used as the reference
macroblock size.

According to an embodiment of the present disclosure, the
video decoding apparatus extracts information indicating the
maximum macroblock size available for the current bitstream
encoding or decoding from the bitstream and can use the
extracted information in setting the reference macroblock
size. According to another embodiment of the present disclo-
sure, the video decoding apparatus extracts information indi-
cating the minimum macroblock size available for the current
bitstream encoding or decoding from the bitstream and can
use the extracted information in setting the reference macrob-
lock size. According to yet another embodiment of the present
disclosure, the video decoding apparatus extracts information
indicating both the maximum macroblock size and the mini-
mum macroblock size available for the current bitstream
encoding or decoding from the bitstream and can use the
extracted information in setting the reference macroblock
size.

In a method of decoding default_MBsize, which is the
information indicating the reference macroblock size, an
entropy-decoded value itself can be set as a reference mac-
roblock size value, and the reference macroblock size can be
obtained through an enlargement or a reduction from a pre-
determined size by using the entropy-decoded value as an
enlarging ratio or a reducing ratio. Alternatively, as described
in the aforementioned first decoding method, when the video
encoding apparatus encodes a value generated by applying a
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log function to the macroblock size value, the macroblock
size value may be obtained using an exponential function.

More specifically, for example, when default_MBsize
indicates the maximum macroblock size available for the
current bitstream encoding or decoding and the video encod-
ing apparatus encodes y, which is a value of log, (X/default_
MBsize) (X is any positive integer, which is a multiple of 2),
the video decoding apparatus can obtain default_MBsize by
entropy-decoding y and multiplying X and 2*. In this event, X
may be a value prearranged between the video encoding
apparatus and the video decoding apparatus like the available
maximum macroblock size or a value extracted from the
bitstream before decoding default_MBsize.

Alternatively, when default_ MBsize indicates the mini-
mum macroblock size available for the current bitstream
encoding or decoding and the video encoding apparatus
encodes y, which is a value of log, (X/default_MBsize) (X is
any positive integer, which is a multiple of 2), the video
decoding apparatus extracts y from the bitstream through an
entropy decoding. And then, the video decoding apparatus
sets a value generated by multiplying X and 2¥ as default_
MBsize. In this event, X may be a value prearranged between
the video encoding apparatus and the video decoding appa-
ratus like the available minimum macroblock size or a value
extracted from the bitstream before decoding default_
MBsize.

Further, when the video encoding apparatus decodes mag-
nifications of the horizontal size and the vertical size, respec-
tively, the reference macroblock size can be obtained by
entropy-decoding the magnifications of the horizontal size
and the vertical size, respectively.

In addition, when an index value of a prearranged table
between the video encoding apparatus and the video decod-
ing apapratus is encoded, the reference macroblock size can
be obtained by using a decoded value as the index value of the
table.

In this event, the reference macroblock size can be decoded
using various binary coding methods such as a unary code, a
truncated unary code, an Exp-Golomb code, etc.

Further, when information on the reference macroblock
size or the macroblock size corresponds to information on the
minimum subblock size and the maximum partition layer,
information on a reference minimum subblock size according
to the reference macroblock size or the minimum subblock
size according to the macroblock size and information on the
maximum partition layer are extracted and decoded from the
bitstream, and then the macroblock size is decoded.

In a method of decoding default_minBlockSize, which is
the information indicating the reference minimum subblock
size, an entropy decoded value itself can be set as a reference
minimum subblock size value and the reference minimum
subblock size can be obtained through an enlargement or a
reduction from a predetermined size by using the entropy-
decoded value as an enlarging ratio or a reducing ratio. Alter-
natively, as described in the aforementioned first decoding
method, when the video encoding apapratus encodes a value
generated by applying a log function to the minimum sub-
block size value, the minimum subblock size value may be
obtained using an exponential function.

More specifically, for example, when default_minBlock-
Size indicates the maximal minimum subblock size available
for the current bitstream encoding or decoding and the video
encoding apparatus encodes y, which is a value of log, (X/de-
fault_minBlockSize) (X is any positive integer, which is a
multiple of 2), the video decoding apparatus can obtain
default_minBlockSize by entropy-decoding y and multiply-
ing X and 2”. In this event, X may be a prearranged value
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between the video encoding apparatus and the video decod-
ing apparatus like the available maximal minimum subblock
size or a value extracted from the bitstream before decoding
default_minBlockSize.

Alternatively, when default_minBlockSize indicates the
minimal minimum subblock size available for the current
bitstream encoding or decoding and the video encoding appa-
ratus encodes y, which is a value of log 2 (X/default min-
BlockSize) (X is any positive integer, which is a multiple of
2), the video decoding apparatus entropy-decodes and
extracts y from the bitstream through an entropy decoding.
And then, the video decoding apparatus sets a value generated
by multiplying X and 2” as default_minBlockSize. In this
event, X may be a prearranged value between the video
encoding apparatus and the video decoding apparatus like the
available minimal minimum subblock size or a value
extracted from the bitstream before decoding default_min-
BlockSize.

Further, when the video encoding apparatus decodes mag-
nifications of the horizontal size and the vertical size, respec-
tively, the reference minimum subblock size can be obtained
by entropy-decoding the magnifications of the horizontal size
and the vertical size, respectively.

In addition, when an index value of a prearranged table
between the video encoding apparatus and the video decod-
ing apapratus is encoded, the reference minimum subblock
size can be obtained by using a decoded value as the index
value of the table.

In this event, the reference minimum subblock size can be
decoded using various binary coding methods such as a unary
code, a truncated unary code, an Exp-Golomb code, etc.

The maximum partition layer information can be decoded
by using a lossless compression coding such as a binary
arithmetic coding, a Huffman coding, etc., and various meth-
ods such as a unary code, a truncated unary code, an Exp-
Golomb code, etc.

When the reconstructed minimum subblock size is NxN
and the maximum partition layer is X, the macroblock size is
(Nx2F)x(Nx2%).

D-2-2-4) Macroblock Size Information Decoding Method
4

Hereinafter, a decoding method according to the fourth
method of encoding the macroblock size is described.

According to the fourth method, after a flag indicating
whether to use the reference macroblock size and a macrob-
lock size selected in a case where the reference macroblock
size is not used are encoded in a first picture, a flag indicating
whether to use a macroblock size of a previous picture and a
macroblock size of a current picture in a case where the
macroblock size of the previous picture is not used may be
encoded from a second picture.

When the flag indicating whether to use the reference mac-
roblock size indicates that the reference macroblock size is
used, the macroblock size is equally set to the reference
macroblock size and then a first picture decoding is started.

From a second picture, a flag indicating whether to use a
macroblock size of a previous picture as a macroblock size of
a current picture is decoded and then macroblock size infor-
mation for a current picture decoding is decoded when the
macroblock size of the previous picture is not used. When the
macroblock size of the previous picture is used for the current
picture decoding, a macroblock size is set to a value equal to
the macroblock size of the previous picture and a second
picture is decoded.

In a method of decoding default_MBsize, which is the
information indicating the reference macroblock size, or
MB_size, which is information indicating the macroblock
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size of the current picture, an entropy-decoded value can be
used as the macroblock size and the macroblock size can be
obtained through an enlargement or a reduction from a pre-
determined size by using the entropy-decoded value as an
enlarging ratio or a reducing ratio. Alternatively, as described
in the aforementioned first decoding method, when the video
encoding apparatus encodes a value generated by applying a
log function to the macroblock size value, the macroblock
size value may be obtained using an exponential function.

Further, when the video encoding apparatus decodes mag-
nifications of the horizontal size and the vertical size, respec-
tively, the reference macroblocksize can be obtained by
entropy-decoding the magnifications of the horizontal size
and the vertical size, respectively.

In addition, when an index value of a prearranged table
between the video encoding apparatus and the video decod-
ing apapratus is encoded, the reference macroblock size can
be obtained by using a decoded value as the index value of the
table.

In this event, the reference macroblock size can be decoded
using various binary coding methods such as a unary code, a
truncated unary code, an Exp-Golomb code, etc.

Further, when macroblock size information corresponds to
information on the minimum subblock size and the maximum
partition layer, minimum subblock size information and
maximum partition layer information are entropy-decoded
from the bitstream and then the macroblock size is decoded.

In a method of decoding default_minBlockSize, which is
the information indicating the reference minimum subblock
size, or minblockSize, which is information indicating the
minimum subblock size of the current picture, an entropy-
decoded value can be used as the minimum subblock size and
the minimum subblock size can be obtained through an
enlargement or a reduction from a predetermined size by
using the entropy-decoded value as an enlarging ratio or a
reducing ratio. Alternatively, as described in the aforemen-
tioned first decoding method, when the video encoding appa-
ratus encodes a value generated by applying a log function to
the minimum subblock size value, the minimum subblock
size value may be obtained using an exponential function.

Further, when the video encoding apparatus decodes mag-
nifications of the horizontal size and the vertical size, respec-
tively, the reference minimum subblock size can be obtained
by entropy-decoding the magnifications of the horizontal size
and the vertical size, respectively.

In addition, when an index value of a prearranged table
between the video encoding apparatus and the video decod-
ing apapratus is encoded, the reference minimum subblock
size can be obtained by using a decoded value as the index
value of the table.

In this event, the reference minimum subblock size can be
decoded using various binary coding methods such as a unary
code, a truncated unary code, an Exp-Golomb code, etc.

The maximum partition layer information can be decoded
by using a lossless compression coding such as a binary
arithmetic coding, a Huffman coding, etc., and various meth-
ods such as a unary code, a truncated unary code, an Exp-
Golomb code, etc.

When the reconstructed minimum subblock size is NxN
and the maximum partition layer is X, the macroblock size is
(Nx2F)x(Nx25).

D-2-2-5) Macroblock Size Information Decoding Method
5

Hereinafter, a decoding method according to the fifth
method of encoding the macroblock size is described.

According to the fifth method, macroblock sizes of the
intra picture and the inter picture are extracted from prear-
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ranged positions within the bitstream between the video
encoding apparatus and the video decoding apparatus,
respectively, and a macroblock size according to the picture
type is set.

Flags indicating whether to decode a macroblock size for
the intra picture and indicating whether to decode a macrob-
lock size for the inter picture are reconstructed in the
sequence header or the picture header, respectively, and then
the macroblock size for the intra picture or the inter picture is
decoded according to a value of the flag through the bitstream
orthe image is reconstructed using a prearranged macroblock
size.

A method of decoding information on the macroblock size
of'the intra picture and the macroblock size of the inter picture
may be used in combination with the aforementioned decod-
ing methods according to the aforementioned encoding meth-
ods.

Further, when information on the intra macroblock size or
the inter macroblock size corresponds to information on the
minimum subblock size and the maximum partition layer,
minimum subblock size information and maximum partition
layer information are entropy-decoded from the bitstream
and then the macroblock size is decoded.

A method of decoding information on the minimum sub-
block size of the intra picture or the minimum subblock size
of the inter picture can be used in combination with the
aforementioned decoding methods according to the afore-
mentioned encoding methods.

The maximum partition layer information can be decoded
by using a lossless compression coding such as a binary
arithmetic coding, a Huffman coding, etc., and various meth-
ods such as a unary code, a truncated unary code, an Exp-
Golomb code, etc.

When the reconstructed minimum subblock size is NxN
and the maximum partition layer is X, the macroblock size is
(Nx2F)x(Nx2%).

D-2-3) Flowchart for [llustrating Decoding Operation

Meanwhile, a video decoding method according to an
aspect of the present disclosure may include extracting infor-
mation on a macroblock size from the bitstream and config-
uring a macroblock size by using the extracted information in
step S3810, extracting encoded image data from the bitstream
and generating a reconstructed image by decoding the
encoded image data according to a block size identified by
information on the block size in step S3820.

It will be apparent to those skilled in the art that respective
aspects of determining the macroblock size and encoding and
decoding information on the macroblock size can be imple-
mented in various manners by combining them with respec-
tive aspects of splitting the macroblock and encoding and
decoding macroblock partition information according to the
aforementioned aspects of the present disclosure.

Main features of the present disclosure are summarized as
follows.

Employing blocks having a variable size (e.g. macroblock,
which is the encoding/decoding units)

Determining a block size having a variable size and encod-
ing size information

Splitting a block having a determined size into subblocks
and encoding partition information

Meanwhile, as an example of the macroblock split accord-
ing to aspects of the present disclosure, the splitting for the
prediction or the transform has been described in the afore-
mentioned aspects. However, the prediction or the transform
is only an example to which the splitting can be applied, but
the macroblock can be split for various purposes in addition to
the prediction or the transform. Further, a subject to be split is
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not only the macroblock but also any image area. For
example, even when a block having a predetermined size,
which corresponds to the prediction unit, is split into sub-
blocks for an efficient transform, the splitting according to the
aspects of the present disclosure can be used.

In other words, the present disclosure provides various
splitting methods and a method and an apparatus for effi-
ciently encoding and decoding information on the splitting
when it is required to split an image block into subblocks for
any purpose.

Meanwhile, a video encoding/decoding apparatus accord-
ing to an aspect of the present disclosure can be implemented
by connecting an input terminal of a video decoding appara-
tus according to an aspect of the present disclosure with an
output terminal of a video decoding apparatus according to an
aspect of the present disclosure.

A video encoding/decoding apparatus according to an
aspect of the present disclosure includes a video encoder for
encoding animage through generating an encoded image data
by encoding a current block partitioned into a plurality of
subblocks and generating an encoded partition information
data by encoding a partition information of the current block;
and a video decoder for decoding the image through recon-
structing the partition information of the current block by
decoding the encoded partition information data extracted
from a bitstream and reconstructing the current block parti-
tioned into the plurality of subblocks by decoding the
encoded image data extracted from the bitstream, according
to a reconstructed partition information of the current block.

A video encoding/decoding method according to an aspect
of'the present disclosure includes encoding an image through
generating an encoded image data by encoding a current
block partitioned into a plurality of subblocks and generating
an encoded partition information data by encoding a partition
information of the current block; and decoding the image
through reconstructing the partition information of the cur-
rent block by decoding the encoded partition information data
extracted from a bitstream and reconstructing the current
block partitioned into the plurality of subblocks by decoding
the encoded image data extracted from the bitstream, accord-
ing to a reconstructed partition information of the current
block.

In the description above, although all of the components of
the embodiments of the present disclosure may have been
explained as assembled or operatively connected as a unit, the
present disclosure is not intended to limit itself to such
embodiments. Rather, within the objective scope of the
present disclosure, the respective components may be selec-
tively and operatively combined in any numbers. Every one of
the components may be also implemented by itself in hard-
ware while the respective ones can be combined in part or as
a whole selectively and implemented in a computer program
having program modules for executing functions of the hard-
ware equivalents. Codes or code segments to constitute such
a program may be easily deduced by a person skilled in the
art. The computer program may be stored in computer read-
able media, which in operation can realize the aspects of the
present disclosure. As the computer readable media, the can-
didates include magnetic recording media, optical recording
media, and carrier wave media.

In addition, terms like ‘include’, ‘comprise’, and ‘have’
should be interpreted in default as inclusive or open rather
than exclusive or closed unless expressly defined to the con-
trary. All the terms that are technical, scientific or otherwise
agree with the meanings as understood by a person skilled in
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the art unless defined to the contrary. Common terms as found
in dictionaries should be interpreted in the context of the
related technical writings not too ideally or impractically
unless the present disclosure expressly defines them so.

Although exemplary aspects of the present disclosure have
been described for illustrative purposes, those skilled in the
art will appreciate that various modifications, additions and
substitutions are possible, without departing from essential
characteristics of the disclosure. Therefore, exemplary
aspects of the present disclosure have not been described for
limiting purposes. Accordingly, the scope of the disclosure is
not to be limited by the above aspects but by the claims and
the equivalents thereof.

INDUSTRIAL APPLICABILITY

As described above, the present disclosure is highly useful
for application in the fields of an image compression process-
ing for encoding and decoding a high resolution video by
efficiently encoding and decoding block partition informa-
tion in encoding a high resolution image by using variable
sized macroblocks, which generates an effect of improving
the compression efficiency.

The invention claimed is:

1. A method of decoding a video in unit of blocks at a video
decoding apparatus, the method comprising:

extracting and decoding a first information indicating a

minimum block size and a second information indicat-
ing an enlarging ratio relative to the minimum block
size, from a bitstream encoded by a video encoding
apparatus;

setting a maximum block size to a size enlarged from the

minimum block size by the enlarging ratio;

setting a size of a square current block to be decoded as the

maximum block size and decoding, from the bitstream,
partition information of a square current block having
the maximum block size by a tree structure to thereby
identify one or more subblocks in the current block
which have sizes equal to or larger than the minimum
block size;

decoding a prediction mode information of each of the

subblocks from the bitstream, the prediction mode infor-
mation indicating whether each of the subblocks is inter-
predicted or intra-predicted;

and

reconstructing each of the subblocks in the current block

by predicting each of the subblocks according to corre-
sponding prediction mode information,

wherein the decoding of the partition information com-

prises:

reconstructing a partition flag indicating whether or not

each node of the tree structure, starting from a node of an
uppermost layer corresponding to the current block, is
divided into four nodes of a lower layer;

and

identifying blocks corresponding to nodes which are not

further divided as the subblocks in the current block.

2. The method of claim 1, wherein when a node is divided
into one or more nodes of a lower layer, a block corresponding
to the node is divided into four equal-sized square blocks
corresponding to the nodes of the lower layer.

3. The method of claim 1, wherein the partition flag is
decoded by a binary arithmetic coding.

#* #* #* #* #*
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